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mycchurn nr l.y si,„,„s, a„,I i.i „„ 

ZlfT" ’'" "'“‘1“““."* "xl"!'.*-*.!..,* spread for any oonridcrablo 
it ’,.., w'’ ) ' ' "" 'f™" • '* “ "««»% xcllieronttotho aibatane,, „n which 

l«rll, ,mirH?.‘rrr "• '* ’ ‘^’■’'1='"''’"*’' ‘‘‘’1'“'“^ 

t ,1 '' .I ’ '“' ''>8"' )>“»», winch inij-ht prcaorvo their vitality fiP 

lh.ii th., h ghet pkutH tiu, vogotative body is less able to stand oxtreuips of 
heat and cold or dryness than the seeds, so also in the fungi tlte n,*rl 
gemnal y less resrstant to such unfavourable conditions than the spores. 
Laboiatory workers who arc engaged in tin, cultivation of living fund are 
nnhar w.th tins fact. Eurthernuuo the hutgi which cause .iisea; Tplan;: 

. .pajawtesandforthe most part cannot long survive in there vegetative 

rwhkh\i;:j“ ‘r* pi»ts 

Hence, dissemination over hmg distances in the mycelial condition oniv 
oc^nrs when the substance on which the Lmgus is g.ovLg k itself oonvcycl 
re one place to another ; m the case of parasites such dissemination is prao- 
. . Uy oonhned to occasions wlicn the plantsi on wldch they feed are mwed 
. umgh a few cases, sucli as lacultativc soil iwrasitcs, may travel with earth 

W, tlHl'et, «nd*"aT Jthortrt” ut, I-'X »<“ bud., 

(wiUu-n limit,) out flower, and grtuK™ f 1’“' 

(..tivo and Chou guile l„„g.Iinod ooudmon on dead 


IlIRSEMINATION OF PARASITIC FIJNGi 


or like. Noveiiliolepfi yovoral instaiicos of oxtonsivo sproud iti itaniiuo 
are known—- 

Ph/toplithora infeskwi^ (tlic oaiiHo ol l-lio poi.aio hli^dd') kan seaelied 
])raeticaUy all parts of tlie workl, in which ])otaiiOos ar(^ jj^rowo, 
ay an internal m 3 ^celmm witkiu the, i)otato iubei’. 

The blister-rn.st of white pines {Peridennmw Stfoln) hay lauui lutroduced 
into the United States as an internal mycelium in t1ie stems of 
seedling pines obtained in vast numbers from Europe. 

The mildew of Ei.iotiymvs. japonic/iis survives the winter in Euiope as 
i an external mycelium on the leaves, am) doubtless came from Japan 

j or elsewhere in this condition, when first introduced into Europe 

some 15 years ago. 

The spores are, however, the usual nuaius of sj>r<5a(l. h’or thif'. (hey are 
much better fitted! than the mycelium, helug often long J I vc<l bo(}j(is, able to 
stand drying or extiemos of heat or eohl. The spores of bun!, of wimat, have 
been germinated after 8 years, and have been kept in a solid bmi]) of. ica? for 
3 months in Canada, without the slightest injury, though the temperature 
fell to 20® F. more than once. They are more .susee})til)le to luait ; Imut spore.s 
can be killed by immersing tbem in hot wat(;r at about 130“ F. for K) minutes 
and yellow rust of wheat in India by 5 minutes in water at about TiO“F. ; the 
dry spore.s ean stand considerably higher temjieratures. fc'O fur from lauug 
injured by drying they can usually be best jiroserved in a dry coiKlition and 
it has often been noticed that tliorough drying favours their subsetpieui, gennin- 
ation.i Owing to their small size also, often ap[)Toximuting to than of V’wy 
fine dust, they are readily blown aliout, and as they are usually detached as 
soon as rijie, air ein rents ])]ay the most imjiortant part in their dissomiiud.iou. 
Many spores are provided with arran.gomeiif.s for sticking ilumi to objects with 
which they come into contact. Thus many rusts and smuts Juiv<‘ fine sfiintrs 
on the s^ioro wall, the anthracnosos lilierate tlieir spores with a muciinginous 
substance which is adhesive on drying, the cilia of PeMahzziu serve th<i same 
purpose, and so on. Not only, therefore, arc spores cast into tin* air in vast 
numbers, 2 but their small size and tendency to adliero caus<‘ them to attacJi 

^ 'I'liORi arc soino ox(! 0 })tions to this, as tho ' .suninicr Bporc.s’ {.sp(»ranjfi:i) (tf 1iu> gcnuiy 
mildews, wliioh axe often to sumve oven after ‘M liour.y thorimfili drying!;. 

* It has been estimated that a small B]Joro liom <»! the elK'.slimt hark (iiscane fiinjiU.^ 
(lUmhlhia pamitiliai) may eoniain ] Ifi miDioji spoiw, a liean ]>od aJTeclf-d with the lieJin anilu'ae 
nose {Qlomcrdht LiiidemiUhiamm) may produce from fiOO to 1,000 nnlliou sporoH during Uus ica 
;on, whilo LycoperdonboviMa,omi of the (harmless) pult balia, may contain 7,000,(1(10, 000,000, 
ind the commou edible mushroom can shed spores at the rato of -^lO millioisa j)or hour. 
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themselves to iieighbouiiug objects such as other plants, insects which visit 
pla,i\ts, and oven the person and implements of people passing through, inieotcd 
fields or working in themd 

Thescf properties of tlui spores render thorn pc^culiady suited for dissemin- 
ation. For short distance spread, ciiiTouts of air are imcjuestionably tlio 
most important means in the great majority of cases. The s])lashing of rain, 
accompanied by the flapping of wet leaves against one another, is the chief 
means in a few cases, as in the bean anthracnose, and is a sceondary means in 
others, as in potato blight. Adhesion by contact is well known to cause much 
of the bunt in wheat, when wind-borne spores or broken bunt balls get into 
the seed grain. Spread by insects takes place in certain well-established cases, 
and is highly probable in others. The ergots of rye {Glaviceps jmrjmrea) and 
other grasses are carried in part by Melmiostoma mellma, jRhagonyclia fulva, 
etc., which are attracted by the sugary secretion that accompanies the Sphacelia 
stage of the fungus, and carry the spores to other grass flowers. Pear blight, 
[Bacillus {Micrococcus) mnylovm'us\ begins often in the stigma, to which the 
bacillus is carried by insects (chiefly bees) from infected sap escaping from the 
bark in spring. In Sclerotinia umula also the sweet-smelling spores are carried 
by insects to the flowers of Vaccinia Vitis-idaca (cow-berry). In many cases 
insects which cause wounds allow parasitic fungi to enter ; larch canker may 
begin from tlin womich oi Coleof flora laricicUa and Cfiermes laricis] Geratostom- 
ellu pUifera (a fungus which causes blueing ol; the wood of IHnvs ponderosa) 
from wounds of Dendroctonus poiuleroscc and so on ; while the Nectrias which 
cause canker of fruit and forest trees are said sometimes to be conveyed on 
the bodies of the insects which cause wounds through which the fungi can 
enter. Occasioually other animals have been accused of disseminating 
disease ; mice are said to carry tlio spores of Foincs annosus, the cause of a 
well-known pine disease, and snails those of a fir disease caused by Giicurhitaria 
pityopMla. : Iraost any disease may be carried by farm- workers, but the 
cases of serf damage from this cause are rare. All soil-inhabiting fungi 
are liable to tfc'-^arried by irrigation water or surface wash after heavy rain ; 
Fusarium wilts are undeniably carried from field* to field by the latter ; and 
there is evidence in India and elsewhere that diseased sugarcane stems thrown 
into irrigation channels may enable the spores of the rod rot fungus to reach 
crops growing at a lower level. Infected soil may also cany the spores of 

I In the Soutliom States it is said that experience has taught the peril of woridng in the 
boa'll fields attacked by anthracnose on wet days, owing to the way the disease is carried on the 
person and implomonts of the workers. We have ovidenoo, too, that the Godavari palm disease 
|n India is often carried by those who climb tfie trees for the loaves, fruit and for toddy drawing 
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il,„ fun.i nbiol. «'iU. Mn.l alli.Ri. 

vurlnuK ways, uk ...i I.K« "t lu.l.l-workn’R tiiul |»»l.i4nRU .. i.iH. 'I'R 
nuiiuTily of tlu^so aii'l oUuu- minor moiins of (llss<mim:d,iou oau only -o ni\o vc.* 
io acoomif. tor sprotnl ov<n- (miujKinil.ivoly short, dlshmir.os aiui moA ti<‘ ,<!. ou.t 
rnhal otif, as probable (‘-ausos of oxfsmsioii of tiisoas<‘ f,o .hsi.mii, i-mm.iuv. 
Loaviim out. (liss.nuiual-ion- Uitoi.-li iho air, all tho uiliors nuiinro U.o ousrai.hib o 
plant to 1)0 Avitliin short raiij^o ol! Iilio soim-o of iufo.e.tiom Tlu‘ norma liiMht 
of insotiis, tho flow of irrigation xvate-r, or tlu; ran^n; of hilamre.rs au.l podostrians 
is throiiizh a limito.1 aroa ; aiul l.hough wo could iinagino dlsc.a.sos crossing iami 
frontiers or ovou imssiug, say, from Ireland to Muuland in this manner, spnani 
to lSurop<i from America or Plast Asia would be rare mde(4. 

■ For such loug-flistanee spread, for what may be called •' discout mnons 
spread ” the methods are miieli. bnver. They may prac.tieally be reduced t<. 
three : dissemination through air ; dissemination by animals thai. travci hmg 
distauees rapidly, as migrating birds and certain iuse.g.s ; mid dn.se.mmatmn 
on plants and other liortumitiirai pro.lm-e. 'I'he relative imporianec io be 
assigned to each has not, so far as ] know. <ivor ],ccu adcpniiely discussed and 
exact data fm: such, a discussion a re scanty ; yel- they yield riisults of considerable, 
signifioauce. 

To take, what must be of the least impoi tauce first, birds are probably the 
chief animals that could materia.]ly coulribui-e io ihc dihconiinitous spread ol 
parasitic fungi. The distances to which they travel are remarluddc. 
Richard’s ri]nt, wliich lirceds in Kastern Sib<u*ia, i'lom T,ake 'Baikal to i.hc sea 
of Okhotsk, regularly visits ,Furo])o, as far sometimes us hhigiand, and passiis 
through Spain evc.n to Western Afric.a. Several .hher Bibcrian I'hds visit 
Western Europe, some, such as the TIoeded Crow, in enormous mnnhers. The 
Knot, which breeds within the. North Polar basin, has been found in wintc.r 
in Aiistralia and New Zealaiul .Individually marked storks, whic.ii bleed in 
Central Europe, have been identified in Bontli Afiit-.a m winter, vSiiii it is 
perhapB possible to slioxv that they cannot be a serious danger. Tiu^ wamh ri ngs 
of migratory birds which travci long distances art; usually lietwiam ureas c.f 
very dissimilar climate ; they pass in a general direction from north to sonlti 
and back again ; and between the extremes of l lioii joiinieys tlic cbmates and 
vegetation ^a, re so aiiferoiit that tho agricultural and horticultural protlmds 
are usually sufficiently distinct to have very few jia-iasites in ctmumm. ^ Where 
birds pass tbiongh areas with paitially similar agTuadi.uTiil and htulimili-ural 
crops, as from south to north Europe and the southern to t-he nmthern paii,s 
of North America, the parasites wliich tliey could convoy would siMnnrr or 
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la, tor be able to elfecfc coutimiou,s spread by one or other ol; tius Jiiotliods 
discus, sod a])ove ; for the most jrart they have alnady doiM5 .so, %YhcT(i not 
ios(, rioted, by delioumt [)OWors of accUmatisatiou, and tJioiigh migrating bir<Is 
)nay Jj.ave euablofl them to pas.s natural barriers sn(;h as the Al.i),s or the Olnninel 
more ra])idly, th.e ])i‘esont distribution would picbably bo mueh the same even 
if birds did not exist. The parasites of plants long esfcablisliod in .soiitliorn 
and northern Europe are, except in the case of those leccutly introduced, 
probably a.s much identical a,s they are over likely to be. Whore they diiler, 
the explanation is to be sought in the lesser adaptability to differences in 
climate frerpiontly possessed by tlui parasites as compared with their (culti- 
vated) host plants.^ In general it may be said that England, for instance, 
is little liable to receive irow pe.st.s from .southern Europe excoirt when they 
have boon recently introdiictkl into the latter area. The danger, in England, 
is primarily from more distant regions where th.e cliiuato is not too dissimilar, 
such as North America and to a considerable extent also temperate eastern 
Asia, and birds or other animals cannot greatly incroa.se thi.s danger. 

Tliore is pr(d)ably an exception in the cas(^ of recently introduced pests. 
Certain clas,sos of the, so might bo rapidly .spread witiiin a large part of Europe 
by birds. Nothing can Huluce this dangei: but wo may console onrselves by 
the reflection tliat tjontinuons .spread tlirough the same areas would alnrost 
certainly occur in any case in the long run, a,nd that tlui remedy lies in ktiopiug 
such pc'sts out of Europe altogothcr, by intenuatioiial co-oporation. 

Exact investigations of the ext<Mit to which birds can actually dissemi- 
nate fungi seem to be ve-ry scanty. In the eastern United tStates some were 
examined a sliort time ago.^ They were shot, and the lavaks, logs, etc., 
scrubbed, the washings being then used to determine tlio number of sport^s. 
On two woodpec.kers, 757,07I- and G'i l-, oil spoins, respectively, were found ami 
a liigh jjroportiou of these were Cut spoius of the chestnut bark (liseaso, whioli 
is at present exterminating the chestnut hi this area. Some of the birds shot 
were on their uortli ward migration and could no doubt have uiiri ied this disease. 
Yet it is remarkiible that though cliestmit blight has ])eon in tlie noighljourliood 
of N< 3 W York .since lOOI, it had not, up to 1013, Inteu able to cnoss a 
ehestnut-free Ixilt in tlui Catskill mountains, soiiui 30 to 10 luihis broad, 
running rouglily north and south, parallel to an<l just west of tlie heavily 

3 Nothing olbo will cxiilaiii iho abyonce oI PhjUqiUhmi ivfo.sti(ns in liotaioos in tlio warnujr 
and (Irior pai'i.s of tlio United States .and in the centre and west of .rndia, nr of wheat hunt and 

maize smut in all but the JiU),st toniporate i)arts of India. 

' Jouni. Agric. Itescarch, 11, p. *10.5. 
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info(‘.io(! liiidsaii Eivoi* VuUoy.^ Ho fat as tho simuui JVo)!* oahi wost; a', 
cotioortiod, bu'ds can, tliotid’oro, liavc played little j)att. 

Tlaj diseases liable to bo carried by birds would natunilly cbieily i-iiose 
aifeotiuj^ friiit ajuHorest ^ and producing si)ortis oii ihc upper puris 
of tlio tree. 

Outside birds, the only other animals tliatpuight ]>(u‘haps help Ui dissem- 
inate fungi over largo distances are insects. In sonxi castw tiie.se have a 
power of dispersal probahly unequalled even amongst birds.i^ '.riiat tlu\y 
slioidd carry spores would seem to be a most natural assumption. i*i>ssibly 
they have done so in many cases in the jrast, and ther<’! may Jiow only !)e a 
residue oi; oryptogamic xainisites in each laud area wliich, for some unknown 
reason, is uusuited to dispersal by l)irds and iusec.ts. It is only within com - 
parativdy je(amt tinx'S that any record has been loipt ol Mm appearatum ol 
now fungal diseases in mntain j)arts of the world, and ii. is (piite pessiblc that, 
all or nJarly all of these belong to tbis residue. Hiimm howmuir, t.h-. objt-e.t ef 
the ])resent jrajusr is [ulmarily a, discaissiou of tluj lueaais by wliieh parasite.s 
hitherto confined to one locality am, at the present. Mine, able, to roaeh ureas 
separated by the ocean or by large tracts with unsuitable host pbusis, and 
since there is no evidence tlrat birds or insects are now a c.onsi<lerabie agency 
in ofl'ooting this spread, what may have ]ia,p|)oued in the distant past is imti of 
direct oonsequeuoo. 

A second moans of discontinuous sjnoad is through the air. 'riiougli it 
is somewhat difficult to under, stand why this shouhl not sullice sooner or later 
to spread most diseases over those parts of tho worUl with siiita!>le (iliinatais, 
yot such eviibmoe as is available points ali.ogelher iu tho opposite rlinaii.ion. 

The bulk of the evideuiio is circimistautiaL Direct experimouts arf; fow 
and do not seem to have, been framed so as to asiairtaiu Imw far s|.)ores might 
1)0 carried hy the wind in storms or when tho spf>res of, say, oat sinut are ^^on1. 
into the air in clouds during threshing. Concordant results have been ubtaimal 
in Germany and Bussia that “ spore traps ” remained free from snuit. spores 
beyond 250 yards from heavily infected fields, though at Pullman, in the 
United StatOKS, the sjiores may fall copiously at a distance of ji ipiartor 
of a mile. The area around barbony bushes through wiiieb black* rust of 
wheat (which spends part of its life on the barberry) can be disseminated 
to the wheat is also said to be remarkably low. Tliere are, however, various 

I Cornell TJniverdUj Ayric^ Exp-r. Slat. Bull, No. .*547, 191.4, |>. !)4o, 

Tutt, J. W. “ Tho Migration unci DiBporHal of IriHoetH,” ijoudoji, 1902, 
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records in tde case of rusts in wMch there are two hosts, where one 
ap])eaTft to have ]:)ecome infected from the other through modeiat,o dis- 
r-ances. Goleosporrum l^hiphraske seems to reach the islands o(T the iioitii" 
west (fernian coast from the mainland^ and other cases are recorded 
of the occurrence of orre stage of these fungi from G to 8 miles from tlio 
plant hearing the alterarato stage. The general results of the investigations 
seem to show that the distance to which spores may he carried in the air has 
often been exaggerated in the past, and that it is much less than might be 
expected.^ Eveir such small bodies fall gradually when in the air and it has 
Ireen found® that the spores of some of the higher fungi fall at the average 
rate of 0*5 — 5 mm. per second in still air, and so must come to earth befoi’o 
very long. 

On the other liand, it is well established that dust particles (which are of 
the same order of size as spores) can be carried to gi-eat distances under certain 
conditions. The dust from the volcanic eruption of Krakatau in J 883 travelled 
thousands of miles, that from Vesuvius and Etna lias reached Constantinople, 
Norway has been strewn with volcanic dust from Iceland. In tliese cases the 
dust has been probably thrown up to a great height by the eruption and its 
lateral spread may be accounted for by tliis. But du.st lias also been carried 
a long way when blown from the ground by storms. Erom North jVfrica it 
is said to have reached a considerable part of southern Europe; while the 
wind known as the Harmattan, which takes its rise in tlie Sahara, blows clouds 
of dust far out into the Atlantic in a south-westerly direction from the Sene- 
gambia and Guinea coast. Tliis dusi. lias often fallen on vessels several 
hundred, and even more than a thousand, miles out to sea, and Darwin cob 
looted particles of stone, over a thousandth of an inch square, 300 miles from 

’ This and several other interesting cases are quoted hy Klchahn (“ Wirtswoohselnden 
Itostpilze ” 1904.) 

2 I believe a somewhat similar conclusion has heon readied by plant breeders with regard 
to the distance to which pollen grain.? may bo carried by the wind ; and the long controversy 
with regard to air«borno infection in .such human parasitic diseases as scarlatina and cholera has 
ended in the same way. Indeed the whole of our modern sanitary regulations dealing with 
quarantine and the restriction or isolation of infectious diseases, arc based on the view that it 
is the living carrier and objects, .such as clotliing, which have come into contact with infected 
persons, that constitute the danger. Even the long-lived and minute organism of scarlatina is 
not beliovod to bo carried in the air to more than a very limited distance and did not roach many 
jiarts of the world until long after it had been known in Europe. As would bo expected the 
ovideuco regarding the dissemination of the seeds of higher plants i.s to the same oifeet and oven 
the small spores of ferns have not boon of advantage to this group in enabling it to colonise 
distant arca.s more readily than tho flowering plants (H. Christ, "Bio Hof Earns,’’ 

8 Bullor, A. H. II. “ Rosoarchos on Fungi,” 1909, Chaps. XV ^ 

lb-' Liar. ARY. ; 
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BISSEMmATIOH OF FAEASmO ffOmi 


liHuL ThoiSi^ would cxcood in size and weight l.lie wpovtss of many fungi, if 
would Koeui natiiiral supporto that njamjis might ofjualiy ho oanlod for at 
least some Iiundrods of miles, were it not that theris is a great deai cf tart litn. 
stautial, evidence against tliis to sii]>j)oi't the dit<ic.t evithauio nuaitioiu-.d ahov<5. 

This ovidouce is based on tlio known distrihution of tiui minuf.*^ plants 
wliicii caiistj disease. It may bo divided into two chiHses. 'J'lui spread «*! a, 
limited number of diseases has been closely observed and lias not hc.en found 
to bo such as would be accoiiutod for by loiig-dista noe spj'eud through ilas air. 
The geographical distiibution of some groups of jiaiasii.ic fungi has also been 
worked out and seems equally to exclude this possibilitiy in a lantaiu uuiuber 
.of."Oases. 

Amongst the diseases whowi spread has been clo.soly obsorviid, and is 
evidently not due to their spores having been carried by tlie N\iiu! ovm’ largo, 
areas, the following examples may be selected: 

TIio chestnnt bark disease has been curefully watched, siiute s<Hm after 
it iir.st appeared ill tlie Uniteil fStates, It is (juitc well suite<l 
for wind dissemination, as tlie jiarasitii liberates ctJUbideraldti 
(piantities of ascospores into the air. hsevertlicless its spread 
has been continuous in tlie main and, as nlreaily stated, it 
was unable to leap a JfO or 40 mile belt free from ehestuuts 
in the Oatskill moiiutiiiiis, at least up to itbid. though a b'tti<! 
further soutli it sjn’oad, coutimumsly along the siiuthern bonier 
of New York 8tate, where there is a. narrow strip of cJnistHUts, 
and so readied tlie large tihestjiut ansa oi'. the .south-west of tins 
State. In the ten years after it was first observctl in Nusw 
York City in lUOi, it iiad spread Iroin Nev. Ibunpshiro to 
Virginia and as fjir wuist as western Mem York and 
Pennsylvania, but iiad not reac.hed Ohi<» or Judiaua, Where 
“spot” infecthms (/.c., isolated attacks not to coutininnis 
spread) have Ixiun observed, the majorits have lauai ( raecd to 
the iutrodiiotion of diseased, nursery stock. 

The American gooseberry mildew was introdiu-.ed into hnropt; iiboui. 
lilOO. There were piobablyat least three distinct iutrodin i iuiiN 
about tin, same time, into .Irolami, into DeninarK, and iud* 
Itiissia. luJbOb, itiis known to liave e.stcndjal !.o: i \ count, it;, i 
m Ireland, to ten widely separated locaiitits;; in IJu. .sia and alw* 
to Ifinland, to Pose,)! in (hwmany near the itii,-;Jan ixod!;), 
Norway and tu Sweden. ,l.t uttraettsd set much ati.taiti'du 



E. BUTLEB 


i 


diiriiig this period that a close watch was kept for it in the 
countries hitlierto free from it. Yet it was not rcjuu-ted to 
Iiave mich(Kl England 1906, Austria until 1905 or 1 906, 
lluiigaiy until 1908, Belgium until 1909 or 1910, and Erance 
actually not until 191J1 (though it has been suggested, that 
Eraiu5o was infected earlier and indeed that tlie English attac/k 
canro from Erauce). Had spores from the first outbreak 
been carried hundreds of miles through the air all the 
goosehorry-growing countries in Europe would liave been 
equally liahh} to attack in the first few years. Instead of 
this we have definite statements tliat all the early 
Scandinavian attacks came with plants fi-om a nursery in 
Denmark,^ that it was prohahly distributed all over Austila 
from a single nursery^ and that nursery distriljution from 
Donmaik and Kussia accounts foi’ the whole of the infection of 
Europe, there being no evidence that Ireland assisted in the 
sjuead. Eveji within Ejigla-nd the distrihution is not such 
* as would bo acrcouiited for by the cai lying of tin* spores for 
long ilistances throiigti the air from tluj first foci of infection in 
AVorfiestivrshirc, The fungus is ada])ted for wind dissomijiation 
in so far that it liberates s]Kn‘es freely into the air ; and 
tliougli thes(i spores are not very long-lived, they would 
doubtless survl'.ui tli.e (u-ossiug of the Chanmd or the Irish Soa 
without dilliculty. 

Blister-hUght lias been known on tea in Assam since at least 1868 
and is one of the most destructive diseases of the crop. 
It remained isitirely confined, so far as is Jijiowj)., to the 
north-east corner of Assam until 1908, when it appeared in 
the neiglihourliood of Darjeeling, ajid spread witli alanning 
rapidity. Though excellently furnisluKl with tlie means for 
short-distance spread, it was unable to tiavei'se the gap 
between north-east Assam and Durjoeling for 40 years, and 
has not yet eutei’od tlio still iieaTm: tlistihits of Caebar and 
Sylhet. It is peculiarly dependent on climatic conditions and 
has failed to spread continuously along the tea in th,e middle 
and lower parts of Assam. It may liave reached Daj j(jeliug 


iOi'iksfioij, J. in ZeUxch. /. Pflwim^ilcravhfmtan) XVJ, 1900, p. 8IJ. 
llecko, L, in NulumisaeimJi- ZeitaeJi. /. Land u. Pimlwhiadiufi, 1911, p. ol. 
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ill tlxo poRt or ou living plaulis ImU; (lan .s(iar<’.(;ly Itnvo iravi'lhul 
tliroiigli tlio air, oiliorwisn C-iutintr, wiUi ife aiunlar (’liniui!* i.o 
U])p«t"ARRani, would ccrliaiuly liavo liocouio iuroi'iiid, Oul.Mflf! 
the 1)\V() ai'oas montioiuul, it is still unknown, il. wn nxnnpt :i 
miont reporir I’roin 

I'ho Godaiari palm disease (Pjjlhhini ■palhit.rot’nin) prohubly iirsi. 
ajipoaml about 1890. Wliore it came IVoiu is not known, 
jiossibly from some, of tlie islaiuls in the liuliau Oooam possilily 
from Malabac wlierc it occurs sporadically and sometimes causes 
minor epidemics in the coc.oiuit forests, lii (loilavari it sproiul 
with groat intensity aiiiougst the palmyra palms, killing from 
o()to75 per cent, in many parts. hlKtousiou was (smlinunus. 
the rate herng about 1 to .‘3 mihis per auttum, and was 
roughly centrifugal from a* point on I he Godanairi rivt'r. 
Over 1, 000 sijiiare miles wm'c alTe(;ted in !00b. ihit no caises 
have been found that could have be(m due to air- borne iul'cetion 
for a <Usta.ue(! exceeding a biw miles and the immense palm 
areas to the noi til and south of (hHlavari havti remiiined free, 
except whore the contimioiiH gradual extension from palm to 
])alm was going on. The spoies are sometimes formed in situ- 
ations freely exposed to the air and fall olT when ripe, but they 
have evidently not been, earriial thianigb the air (’or ovtni a 
21- hours’ journey. 

Tire downy inildow of the vine is probably indigenous in the U'nitetl 
States, where it is common on wild native species and has 
probably existed for a very long time. It did not reach hhiropif 
until 1877, by which time American vino stocks were being 
imported in cousidci.’ablo ijuautity to replace the viutss 
destroyed by Phylloxera. It was in Ifraiu'c liy lb78,, and in 
the next year' was found in the lilione valley, in Stivoy 
and had reached Lombardy. In 1880, it was found in Algeria 
and the Tirol, and in 1881, in Greece. It subscapamtly spread 
over all the rest of southern and contr-al Eufojx^, to north 
Africa and parts of Asia ; it was I'ecoriled in Australia, in 
1860-67, but did not extend to Cajic ('olony until (907 or 
.shortly before. It is believed to have got to .lava, wlmi-e ij, 
was collected in 1906, on fro.sh grape, s brought in by tho mail 


I Sawada, Hot. Mmj., Tolcyo, ,1014. 
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boats. Had it extended tlirougli the air, it is remarkable that 
it did not begin to spread until the collapse of tlio European 
vines led to an introduction of. living plants from its original 
home. From Europe^ its wider distibution on exported 
vines and grapes is easy to understand. 

The vine Oidium is another American species whicli spread through 
Europe progressively after its first introduction. It was noticed 
at Margate in 1845. and two years later was found in the 
Rothschilds’ greenhouses at Suresnes near Paris. In 1848, 
it attacked other gardens near Suresnes and appeared in 
Belgium. In 1849, it was all around Paris and next year was 
in the Bordeaux district, in Spain and in Italy. In 1851, it 
was all over France, »Spain and Italy and was reported in 
Switzerland, Hungary and all along the Mediterranean shores. 
It is now known practically wherever the vino is cultivated. 
As in the last case the species is native to America and did 
not spread until introduced into Europe, probably on living 
vines. If it could be blown across the Atlantic wo would 
expect it to have appeared in a number of jrlaccs sinuil- 
taneously and probably at a much earlier date. 

The oak mildew is a species allied to the last and, like it, is endemic 
in No.Tth America. It was first seen in Europe about 8 or 10 
years ago, but once introduced spread continuously (though 
exceedingly rapidly) over the whole continent, '’.i’.lie Oidium 
on Euonymus ja/ponicus, which is probably endemic in Japan, 
is another similar case, which reached Europe about 1 900 and 
is now all over southern and western Europe. In both these 
mildews the host plant was available to receive air-borne 
spores long before the disease appeared, and both were probably 
nursery introductions. Several other instances ox the same 
kind will be found in the detailed list below (see Appendix I). 

Of diseases long known in Europe and more recently introduced into 
the United States, the carnation rust is a good example. It 
has been known in Europe since 1789, a time when fungi 
attracted little notice, so that it may have been present long 
before. It was not seen in the United States until 1890, when 
it was found in Michigan. It did so much damage that it is 
not likely to have been overlooked previously. Another case 


BiSSEMlNATIOi? OF PAEASmO FtJMGl 

i,s tlie blistor-ruftt of 1;l]o Woyjiioiif,.,h or whilo pitu- 
iti y. nutivo of oawt of Norfli .Atiucriiiii, and Wio; inl/rudutHid 
iutio Kuropo abouf 200 yoai'.s a.oo. in il wa?'. atLaokod 

by a rusk which inhalilis the .bhu;<tpcaii wl.ono piic; {Pia-HH 
Oenihra) biit "which was unknown in iNorl/h. Aiuc!'i<':i. T(i.in 
rust Avas noticed iii Kuropw at hiawt 50 years ai'o. fbHavnily a, 
very large trade in seedling pines sjuung up l)(st\V(!on f'hirope 
(esi)ccially Germany) and the United Biatths, and siuei^ 1005 it 
is calculated that some milUoJis of ilisoasod pines have roacluid 
the Ujiited States from Hamburg ajul elsewheni. TIuj blist(n’-- 
nist was found in tho United States lor tin; lirst time on thoMS 
and has been detected altogether in more tlian 2,‘*0 
])iaces, in all but one on imported plants, in I'hiroptj tiie 
pines are iufeetod by air-borne spores ft‘(tm eurraut and goose 
bony bushes {on whicli the fungus passes ]iart o!' its life) and 
if these sjionss <;onl<l tra.verse the Athuiti<; in the air, the piini 
■forests ol: Amoriea would Itave been infeete.d long siiaan 
TJie eolfoe leaf disease has been I'oiiud in <jast anil eenf.ral Afrhta. on 
wild and somi-wUd species of CitJJea. Jt oticurs as far A\<5st in 
tho Congo as at least longitude bhT’K.j but ha,s imt been staju on 
the, West Coast. Th<} disti:is<! b<u*.ame known first in tin; 
cpidomie outbreak in Ceylon in bSUd. Biiiee tiuit dubs if has 
spi’oudto every eolTee-g rowing country in tin* Mast and far into 
the Paeilie ; tlu! spread luis Ixsiu gradual and, tins latest 
record(al attacks an; in tlu; New Hebrides and Mew (blodmiiu, 
whicli latter colony wa.s maelual in ihli. Vhst ike great 
e(vi!e»~gi owing areas in Boiitli and Centiul Amiaiea and the 
Wtfst Indies are ireo from it, as alsc* appa,reutjy tlu; jdanf-a- 
dons in Australia ami Hawaii. If, as is ])roba])le, the parasite 
is a native of East Afiica, tlie home of i!i.e chief coilee plant 
of eommerec (jUoJJm arahiai), long-distaiua? wlml <lisseiuiuatiou 
would be expected to carry it to West Afriiiu whert; it would 
have found host jilants on which it can gi't>w, and tlieufe to 
the West Indies and Amerhan Its spread tlirougbout south 
and eastern Asia tmd the Pacific is rea<lily explaimsl hy trade 
movements ami the introduction of East African and Arabian 
collee varieties into tho British, Eromk, Hutch, and Spanish 
colonies. There is iuobably little such moveimait across Afric.a 
•from east to west and the esca]>e of the New World may he 
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(iuo to tlio muoli, gToator longtli. of tiuio oocupiod. in oouvcyiiig 
tli.o oolToe Hoeds or InisKcs to that ]»ai’t of tho v^'orld wliou fii'Kt 
iutroducod, and t,h.e ooiuparativo rarity of i]it«r(uriirso hctwooii 
tho two areas. 

The lioliyliock rust is au even, .moir! sfarikiug ease of disii'iljotiou 
over distant areas before it roaclied tli.os(i luiarer at luind. It 
is endemio in Chile and was first coUeeted there ])efore 1831, 
It is said to have been seen near Melbourne in Australia in 
1857 and was certainly collected in 1865. In 1860, it was 
found in Span i and reached France in 1872- or 1873. In 
1873, it was widely distributed in Franc<;, liad appeared in 
s(‘veraJ. placnss in England and was found in Rastadt in 
,Germa.n 3 ^ In 1871, it was all aver ITolland, in Stuttgart, 
Erlangen, Niirtnihorg and Lii]>ech in Germany, luuir Roinc and 
Naples and in Denmark, In 1875, it readied tlie Ca^ie of Good 
Hope ; in 1876, Austria, llnugary and Russia; 1877, Switiiorland 
and Grooco; 1887, Sweden; and 1800, Finland. Up to 1886 it 
was unknown in tlic United States but in that year it wnis 
found in Massaduisiitts ami soon spread to other States. It 
was, when first introduced to Europe, exceedingly destructive 
and even now, tliough less virulent, little liable to be over- 
looked. 'riiough not W(dl suited for wind <lisscmiuation, as its 
spores are not set free as readily as in most o.f the other cases 
discussed, still they are eventually liberated in considerable 
quantities with fragments of the plant, and if liable to wind 
dispersal over long distances it is remarkable that the United 
States should have escaped so long after the fungus had 
reached Europe and Australia from Chile. It appears to travel 
really with seed. 

The above cases liave been given at some length as they are all noticeable 
or dostriictivG diseases whose spread has attracted attention. In most of 
them the parasite liberates its spores into the air, sometimes in great quantity 
but in none that I have been able to find is there the slightest evidence that 
the spores can cross the oceans boi:.ue by the wind. Several suggest that aerial 
spread is limited to a few miles, while others are capable of bigger jumps, 
possibly of 50 miles or (oak mildew) oven more.^ 

1 I have purposely loffc out of considoration whether wo can offer any explanation why 
tlio spores of a particular disease are not carried successfully over long tiistances in the air. The 
problem is, are they carried or not ; and if not, the rcasoms why do not concern us. 
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Anoiilioi: largo group of ousoh could bo solootctd bancid on iJu; a}>souc»! ot 
H])ocific diHoasOiS from certain areas, though long known olsowlnno, Pari ioular 
stress is not laid on these casos, .since wo do not uhva 3 's know tbr. I’iu-tois wliicb 
govern acclimatisation to a now locality, and haves soums reason tu Indievsi {.hid- 
they are often more restrictive in their oh’oets wlioro piu-asitie fungi {uc oosv 
corned than in respect to tlio host plants. It seems bctttsr, tlusrsdorss. to nilv 
more on cases like those quoted above, where subs<u|ueut expeneiU'C inis 
proved that the more or less prolonged aKsonce of a disease from a ceiiani 
locality was not due to any want of ability on the part of the ij)arasite to 
in that region when introduced. 

One of the most remarkable of this grtnip of iiast’.s in thc! ahsfuua^ of 
the (sommon yellow rust of wheat {Piivv.’niiu ijlunxiniw) from 
North America, Australia, and Mouth Afihwi. The otlu r two 
wheat rusts {Puvclnia (frumwiK aud Piurivix fritirimt) otriir 
practically wherever wheat is cidtrvatn.d, t.lioiigh in India, 
P. has act^^^^^ widei iaiig<i than P. Infu'nxi. 

yellow rust, which stands the exl.remcs of climatts in all the 
wheat-growing ])artH of India well, should fail to atluck wheat 
in the United States, Australia or Moutli Africui is a tuystiuy, 
unless indeed we accept tlie simple explanation tluit its. spoics 
have not yet reached these areas.^ 

The lilac is attacked by two iliseases of re,strict(sl dtsf.ribiition. li‘ 
Germany and Holland a blight (faiisc.d by l^hijhphfhoi'X 
SyrinijiB has been prevalent during the jtast fc,w years; in the 
United States a mildew (a foim </f MivmHffiwrn Altii) is 
abundant on it ; neither of t.hese hav<! been rc(iordcd elsewhere, 
at least u}» to lOl'l for the former aid 11)08 b.r i.he hitter. 

There arc two serious diseases of toliaceo in the Dutch li.dies. Di.e, 
the bacterial disease caused by BuvJllm minHxrcxfnw, attacks 
several other plants, including the potato. It is of vmy wi<lo 
distribution in most tobacco-grmving countries of tln‘ wo: 1*1 
aud can readily be conveyed in potato tubers and <m oti'cr 
living ])lants. The other, caused by Pliiflaplifl/ortf- A'/c'o//u'/(N'. 
is not known on anything lait tobacco ami has not extemic'’ 
beyond the Dutch Indies, It is ynobalih' that living tobacco 

1 Since the above waK written yellow' ruHfc of wJieat ha.s las n reported in Ibo i 'nit<'d .stiOt :, 
[Phytopathology, VI, 1916, p. 96). The area affected m UK yet liinite<l, Hi;d it i.K prnbalily a 
IQceinifc introduction, 
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plants are never exported, and in the absence of this means of 
spread, the latter fungus has failed to reach other coii ntrios. It 
has two spore forms, one suited admirably for wind disseiniu-- 
ation but only capable of living for at most a few weeks ; the 
other long-lived and resistant but only set free in the soil when 
the diseased plants decor pose. 

Many other cases similar to these could be instanced, belonging to every 
group of fungi and with every type erf spore. It is difficult to believe that they 
can all bo due to deficient powers of acclimatisation, and many of them are 
probably to be accounted for by the limited distances to which the spores can 
be carried in tbe air in a living condition. 

Of the large groups of fungi whose geographical distribution opposes the 
view that living spores can be borne for long distances in the air, the rusts afford 
some iiitresting examples. In the genus XIromyces there are 119 species in 
Europe, of which 70 are endemic (recorded up to 1911). Yet of these Europe 
has only transmitted three {U7wnyees Betw, U/ciiryofJiyllinus B,i\d U. TrifoUi) 
to North America, while two {Vromyces striatus and V: Fabas) are doubtful. 
In turn it has only received a single species {Vromyces appendicidatuii) from 
North America, though the genus is very well represented there and no less 
than 249 species have been recorded in North and South America combined, 
of which 221 are endemic. It is worthy of note that all tlie exchanged species 
are pai’asitic on cultivated plants. Australia, which has 32 species, of wbicli 
22 are endemic, has only received six from outside and these six arc the same 
as those which have traversed the AtlaaiticA Another rust gcmis, Pkrag- 
ftiidium, which is parasitic on plants of the N. 0, Rosacem, is also of interest 
in its distribution. Over 60 species are known, but none are endemic in South 
America (though there is one in the Falkland Islands) and only one has boon 
introduced, Phmgmidium Msciflonm on roses.^ Though there are many 
species in southern and eastern Asia, only 4 (or perhaps only 2) are known in 
Australia and only one of these has been introduced, the same one as to South 
America, also on roses. These rusts are not, so far as is known, more exacting 
tjlian many other parasitic fungi in their climatic or other requirements ; their 
spores ai’o numerous and the least resistant type can often live for several weeks, 
wiiile tli .0 durable spores, that are set free as the host plant withers (or sooner 
in Phmg'midkm)^]!^^ for months ; and though they are strictly ])arasitic and 

I 'J’ho iibovc (lotaila aro inoslly on the authority of P. J >icstol J\li/caL IX, 1{)J 1, 

p. ICO) wJio has givcii special attention to tlio geographical diatrihution of ruats. McAipino 
(1900) gavo a aevontli. species (Uromyces Polyyom) as having been introibicod into Australia, 

a Dintel, P. ill Ann. Mywl., XIl, 1914, p. 93. 



34 


DISSEMINATION OF PARASITIC FUNGI 


Another large group of cases could be selected based on the total absence of 
Hpocilie diseases fi'oiu certain areas, though long known elsewhere. Particula r 
stress is not laid on these cases, since we do not always know the factors which 
govern acclimatisation to a new locality, and have some reason to believe that 
they are often more restrictive in their effects where parasitic fungi are con- 
cerned than in respect to the host plants. It seems better, therefore, to loly 
more on cases like those q^noted above, where subsequent experience has 
proved that the more or less prolonged absence of a disease from a certain 
locality was not due to any W'ant of ability on the part of the parasite to live 
in that region when introduced. 

One of the most remarkable of this group of cases is the absence of 
tlie conuiKui yellow rust of wheat {Puccinia (jlumanm) from 
North America, Australia, and Bouth Africa. The otlur two 
wheat rusts {Puccinia graniinis and Puadnia triiicnna) occur 
practically wherever wheat is cultivated, though in India, 
P. (jlumanim has actually a wider range than P. friticina. Wliy 
yellow rust, which stands the extremes of (dimato in all the 
wheat-growing parts of India well, should fail to attack wheat 
in the United States, Australia or South Africa is a mystery, 
unless indeed wo accexit the simple explanation that its spores 
have not yet reached these areas.^ 

The lilac is attacked by two diseases of restricted distribution. In 
Germany and Holland a bliglit caused by Phyfophlhora 
Syringo) has been prevalent during the past few years ; in the 
United States a mildew (a form of Microsphami Alni) is v<:ry 
abundant on it ; neither of these have been recorded elsewhere, 
at least up to 1914 for the former ar.d 3908 for the latter. 

There are two serious diseases of tobacco in the Dutch li;dies. Or.e, 
the bacterial disease caused by Bacillus solanaceariim, attacks 
several other plants,' including the potato. It is of very wi<le 
distribution in most tobacco-growing countries of the woild 
and can readily be conveyed in potato tubers and on other 
living plants. The other, caused by PhylophfJiora Nicofimur, 
is not known on anything but tobacco and lias not extendcfl 
beyond the Dutch Indies. It is probable that living tobacco 

1 fSiiice the above wa.s written yellow rust of wheat has been rciported in the Unit<'d Htiitcs 
{PhT/topatholoijy, VI, 1916, p. Od). The iirp{i affected i.s ae yet limited, and it is probably a 
racent introduction. 


plants are never exported, and in the absence of this means of 
spread, the latter fungus has failed to reach other countries. It 
has two spore forms, one suited admirably for wind dissemin- 
ation but only capable of living for at most a few weeks ; the 
other long-lived and resistant but only set free in the soil wlien 
the diseased plants decor 1 ) 080 . 

Many other cases similar to these could be instanced, belonging to every 
group of fungi and with every type of spore. It is difficult to believe that they 
can all be due to deficient powers of acclimatisation, and many of them are 
probably to be accounted for by the limited distances to which tlie spores can 
be carried in the air in a living condition. 

Of the largo groups of fungi whose geographical distribution opposes the 
view that living spores can be borne for long distances in the air, the rusts aftbrd 
some intrestiug examples. In the genus TJfomifces there are 119 species in 
Europe, of which 70 are endemic (recorded up to 1911). Yet of these Europe 
has only transmitted three {TJromyces Beta), !!. c,aryop1iyllinus tind U. Trifolii) 
to North America, while two {XJromyces striaius and U, Faha) are doubtful. 
In turn it has only received a single species (Uroniyces appendimlatus) from 
North America, though the genus is very wall represented there and no less 
than 249 species have boon recorded in North, and South America combined, 
of which 221 are endemic. It is worthy of note that all the exchanged species 
are parasitic on cultivated plants. Australia, which has 32 species, of which 
22 aie endemic, has only received six from outside and the.se six arc the same 
as those which have traversed the Atlantic.^ Another rust genus, Phrag- 
miilmn, which is parasitic on plants of the N. 0. Rosacea, is also of interest 
in its distribution. Over 60 species are known, but none are endemic in South 
America (though there is one in the Falkland Islands) and only one has been 
introduced, Pkmgmidium disciflormn on roses.^ Though there arc many 
species in southern and eastern Asia, only 4 (or perhaps only 2) are known in 
Australia and only one of these has been introduced, the same one as to South 
America, also on roses. These rusts are not, so far as is known, more exacting 
than many other parasitic fimgi in their climatic or other require merits ; their 
spores are numerous and the least resistant type carr often live for several weeks, 
while the durable spores, tliat are set free as the host plant williers (or sooner 
in P]irngmidium),\x^Ci for months ; and though they are strictly parasitic and 

1 above details are mostly on the autliurity of .1*. Dietel Mycol. LX, 1911, 

p. KiO) win.) lias given special attention to the geographical distribution of rusts. McAljiiius 
(1900) gave a sovontli species {Uromyces Pohjfjoni) as having been introduced into Australia, 

8 Diotf-l, P. in Ann. Mycol, XI f, 1914, p. 93, 
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cojifiuod to doruiito lioats, tluM would .not bo isuflidont to acooiint for so itinrlvotUy 
rowtrintcd a distiibution ii! tlioy woro oapahlo oC wind dissoinination for long 
distances. 

Frtnn tliis coiisidoratioii of the evidonoct avullabbi tlui <ioiiclnsio.n to lx; 
drawn is tliat Jn devising nietliods to prevent the ijitrodinjtion of new diseascis 
of the type of those contained in tlie detailed list atta(‘.hod (whlcli. iuebnh^s a 
considerable proportion of the destnietivo disea, ses introduced witliiu the 7<>or 
80 years daring' which we have irdiable records, andre-])rosents practically all 
tbo classes of parasitcss likely to spiead extensively in the fntnre) infection by 
spores canied through, the air from remote centres is not a contingency which 
needs to be taken seriously into account. 

Tluuo remains the tiiird method of the discontbinous sjuead of parasitic 
diseases wliich dc]>end on sjiores .for their i.i ansmission- dissominaiion on 
plants aiul oilier Imiticultural produce. Tlie recogJiitioii of t.his as an 
iin])ortaut means dates from a (tomparativcly recent jieriod and it is donlitful 
if it is even yet fully realised. 

There is an abundance of mddeiux!, Ijoth direct and indha'.ct, that the s}»ores 
of most of the gi.'oat gronjis of fungi are readily transmitted in u living <!ou<li- 
tiou, from one part of tlie world to another, on plants or jinris of plants. 

All economic mycologists have jxrobably liad direct experience of the 
transmission of living sjiores on idants or jiaits of ])lants ; many nse it as a 
means of oxclianging material .for .study witli more or less distant eouutrles. 
I have personally sent Indian parasitic fungi ir) workers in hhiro])«, tiirongh the 
post, with success on several occasions. Tlie infective jiowers of the mildew 
of wheat in India liavo been coiupaj'od with that in 'England means of living 
ascospores, thus sent on witlmred wheat stems, and several of our Indian wilt 
parasites of the genvs Fnsm'imn liuve beeji sent for purposes of study to Berlin 
on the roots and base of tlie stem of their host plants. I ha^'e also found 
living spores of two parasites of sugarcane on cuttings of Ameiican varieties 
of cane rec<.iived at Piisa from Louisiana, through the United States Dejiart- 
niont of Agricultine, for trial in India. Quite reciently I liavo received from 
the same Department cultures on sterilised cotton stems of the Amm lean cotton 
wilt F^sariuni) and found the spores still living after tlie long journey to 
India. Indeed cultures of fungi on nutrient material aie now sent out all over 
tlie world and there is a central bureau in Amsterdam for the supply of such 
cultures ; a parasite on its host plant is very often in at least- as favourable 
cirGumstance.s for travelling as under these conditions. .Ih-esumably lieeause 
of its very familiarity few seem to have thought it worth wliile to record tlusb' 
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oxptij iouoos iii tills direction, but it is unnecessary to labour what pro'Iialily all 
mycologists would oonsidor a well-known fact. 

0.1 oases wliero tlie importation of plants lias been followed by the 
appearance of fungi conveyed by them to a new locality there are man)', Non<'. 
arii of greater interest than those dischjsed by an emuneration of tlie fungus 
llora. of the great liotauic gardens, such, as those of Kewand Berlin. In tlicsi^ 
gardens a niimbei.- of foreign species appear from time to time and are luupios- 
tiona'bly intioduccd on jdants purchased or presented from abroad and on. their 
packings. Kew, for instance, has a much larger recorded .fungus llora than 
any other area of its size in the world. In the same way parasitic fungi are 
iiitroducei.l with .foreign varieties of jdfJoits hy experimental far] us and 
depaitmeiits of agriculture. In Aust)‘alia two grass rusts ap]>earod for the first 
time on the young ]]lants grown from seed imported by the Victoria .Dejjart- 
ment of Agriculture from tlie United States.^ In India the rmly occasion 
on which the crown rust of oats lias been soon was at Pusa, shortly after the 
experiment farm was started and when Canadian oats were being tried. The 
race of the parasite Melcmvpsora Lini Avhich grows on cultivated flax has also 
only once been recorded in India, on an oxjierimontal crop of recent iutrodiiC” 
tion in the Nilgiris, -while, on the other hand, the race of the same parasite 
which grows on the botanically allied linseed aiul wliich is common in India, 
is said to have reached Australia with seed from Calcutta.^ Nurseries and 
florists’ establishments must have played a cousiderahle part in dissemina- 
ting fungi of all sorts, from tlm vei-y nature of their trade. Settlors, 
planters, and missionaries have doubtless also been rosponsihle at times for ■ 
the introduction of fungi on imported jilants and other agricultural 
produce. 

It is, however, when we come to consider tlie spread rd specific diseases 
of economic plants, tliat the close conneotiou betwcim their movem.euts and 
those of the living plants on which tliey are borne becomes most evident. 
Many instances will be found in the detailed list below and only a few need 
be referred to here. 

TJie gi‘oii]> of vino diseases of North Amei'ican (jrigin, tlic appeaj'anco 
of whicli w'as tlie outstanding feat mo of the histoiy of viticulture 
ill Europe during the Jiinetcenth century, followed on the 
shortening of the voyage between the two continents due to 
the introduction of steamships, and two of the worst, 

. n ,.r A.,..™.,,.. A, 


’ McAlpilio, .D, “ Rusts of Australia,” 1906, p. 43. 
5' Agric. Gaz. New South Wales, II, 1892, p. 157. 
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iMSBEMlNATlON OF FABASITIO FUNGI 

aud tho I)]acd^ rot, arc ordinarily lioidto liavo lieou hitroduood 
on Aiuoricaii vino Htoeks wliich wore oxdoiiiiivoly iiiipciii'Ofl 
driring tho striigglft against '.Plio niil.d<nv is (U)]iunou 
])iit only moderately dostructive on tko wild Anuoioan gfapii 
vines ; against hlaek rot, too, some of tlio Am<a-ioan speci<',s, 
suck as Vifdis rotundifuUa, arc higkly resisl-aut ; wkile i;hc 
oidium kas never been kuowm in America to lauise suck 
a])i)aUiiig losses as it did in France from im to 1851, wlieu 
it reduced tke yield to one-tentk or ono-tw entietk of tku 
iiormal. But for 300 years all attempts to aiaFiuatiMi Vitis 
vmifera in tke United States failed, and it was only by 
iiujuoving tke native sjiecies, wliic-k resist ckesi^ local diseases, 
tkat siiecess in viticulture was ultimately attained. 

reat c-oHee boom ” in tke Fast during tke secoial and tkii'd 
{piai'tei's of tke nineteentk century led to i,ln‘ rapid (ixtension 
oi: (iultivatiou of the busk tktuugkout all tke eastiM-u cokmies 
of Euroijoan states. It is practically cmtaln tkat tkis was 
accoiujianied by some iin]>ortatiou of tke berries Iroiu tk,e older 
cotfee-growing localities, suck as Arabia anil possibly Fast 
Africa, wliore (in tke latter at least) tke coflee leal ilisease was 
prokakly long establiskod, as it has since kemi found widely 
distrikuted on indigenous East African varieties. Tko lirst 
reeorded outbreak was in Ceylon in 1808, aud the following 
are tlie dates on whick it was found elsewliem i—Mysoii' 
1869; Sumatra and dava 187{) (wliou was still coutined to the 
western jiait of .lava); Fatal proliably ,1878; Ifiji Islands 
J879 ; ■,Maiiritiiis about .1880; .Beuniou 1882 ; Jdiilijjpine Islands 
1885; Madagascar before 1880 (said to have beam lirst intro- 
duced by a Ceylon planter in 1872 or 1873, during a visit 
to examine into colToc-growiug in tkat Islai'd)^ ; Tonkin 1888; 
Malaya aud Borneo reported in 1888; Sajuoa 1891, Owing to 
the coinmandiug iiosition of the CAylon iudustry, ills pi'obakk! 
that most of these places were infec.ted from tkat coiouy ; 
thus it is said to liavo readied Samoa direct from (Aylon,^ 
and the Fiji Islands seem to have been infected Ipy means of 
a box of seeds packed in oartk, received from, the same source 


iFawjliferc. Agric, Pral, d. Paij.H Ofiaudi, 1U07, ]>. mu, 
•Remeoke, P. Troptnvfianzer, VI, 1902, p. 632. 
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oaily in 1879.^ It has been proved that tho iii'<3dosp()r(is can 
live long onougli to stand such jouiueys, as thny liavo Iwniu 
gonuinatod in Germany after (loiuing from Mauritius liirough 
lUngland. tSpoie pi'odiictiou is very copious and all paiis of 
tluf jdant, as well as tho ground and packings, \v()i!ld readiiv 
become (?ontamiuated on an infected (wtato. 

Citrus (jaukcr {PsemlomonaH Gitri) was introduced into the United 
States about 1918, when it was first soon in Soiitli Alal)ama 
and Florida. It came from Japan <m stocks of 8atsuuia oi'augo 
or Oih'us IrifoUafa. Its disseminatifjn tliroughout the Gulf 
States, wliere it is at present causing fKjjisideiablo alarm, was 
<d!ectod on nursery stock, iHU'haiis from centres in T(n\'as, 

Tlio (duysanthomuiu rust reached Australia in UK) I (tn cuttings 
imported from Kugland. It was carried in the uredo stage, 
which alone occurs bi lilngland, ami only tliis foiuji hatl 
boon found in Australia when McAlpiue published his '' Ivusis 
of Australia” in 1900. .UrobaWy it owes its spread fioni its 
original home in Japan <mtiroly to the trade in living plants. 
Cuttings luive also ])een a(i(!used of cainwing S(ivei:al otlud 
diseases. 

Ui'obably a largo luimbcr of parasitic fungi caii be carried on the seed 
of their host plants. A packet of purdiascd seeds oxaiuim^d 
in Kew some years ago was found to contain spores of several 
of the diseases of tlie plants to whicJi tlie seeds belonged.^ 
'File l(iaf si)ot of celery is spread largely l)y the use of ijifecto<l 
" se(!d not less than 90 per cent, of samples of commercial 
(xdery seed examined having bcoji reported from Wisley to 
be contaminated in 1911.® Tho hollyhock rust is another 
example. It lias been jrroved ca})ablo of living through tho 
winter on the persistent carpels, etc,, around tlio sooil. Oats 
are said to liave carried the crown rust of tliis crop to 
hlcuador and the introduction of the same disease to Pusa ha.s 
already been leferred to. Straw packing i.s, bowovor, an 
altoimative jiossibility in this case. 

' Thisoltoii-Dywr, W. T. Q. J. M. 8., ISSl), p. IIU. 

‘1 Massoe, G. “Text-book of Uuugi,” p. 221. 

S Ch i( tondeix, E. J. “ A note on oeleiy ]eaf-si>ot-clisi‘aKo.,” ^ /m. Ajp^ilied UioUu/ij^ f, lOi-J 
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'Fhe fun^^i vvliioli, ( 3 auKo .rotting o.l; ripo fruit ar<i j‘()ii('iil,y ooiivoyo<l <»u 
oouHigimioiits of fruit, A rcoouii oaso j-oporttul^ was toi. 
orangos from Brai?i), tho f^oa passago hoiug abniit 18 Ojiys. 
Otlior cassoK kiiown aro on piuoapplo.s aiui haiiauas from l,!n: 
VVo^t JiidioH and citrus .fruita fr<)iu South Afrioa.. 

Tiio diseases of such crops as cacao and rubber, the cultivation of 
which has been started in many tropical countries in com." 
paratively recent tiinos, should furnish inter{\sting instanci's 
of the spread of fungal parasites througli the agency of man. 
Rubber is often sent considerable distanc'.os as young cnt-back 
plants, known as " stuiuj>s,” and tlui first Ihira-nibber sent 
to Ceylon and Singapore from Kew in 1875 was in tJie form 
of seedlings. In cacao also th«‘ largo flesliy ])ods would be an 
excellent medium hu conveying liviiuj: fungi. Uufortuiialcly 
we are as yet by no means fully ac<]uaintcd with the parasites 
of these crops in dilTercut countries and several of their 
worst diseases a.re caused hy sjKHjios whi(ili attack a numher 
of other plants and whicli. tliere is no reason to think are 
introduced. 'I’he canker fungus, how'ovor, is only known on 
these two crops (and [lossibly the broad fruit), and as it is 
now found in nu.rst countries of. both the eastern and western 
hemispheres where they are grown, it seems to Ire highly, 
probable that it has travelled with the host jrlant. 

Tliere are several diseases that from tlieir very nature are unlikely to 
be carried in any other way than on their victims, in soil, or 
in packing- The warty disease of potatoes is a case in point ; 
if we could keep potatoes from infected localities out of tliose 
still free, it is scarcely possible that the .fungus could spread 
more than a very limited distance indeed. This is because the 
spores are confined to the tubers and are only set free into tlie 
soil when the latter decompose. The lingor-and-toe disease of 
turnips, cabbages, etc.,. is a similar case ; it is still unknown 
in India, though reported in Ceylon as an iutrodiuiod disease. 
Otlicr instances a.re tlic disoarsos of lucermi caused by Ifiuqtlili/cXis 
Alf(tlfa) and the grass disease oansod by 

(riie latter disease was recorded in Groat .Britain for f;hc first 
time in 1908 and appeared in cvciy instance where portions 

’ Biisliton, W.jin Am. AppUalJiiolofjy, lyiUlfi, p. 
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of a consignmont of Continental graafi seed liad been so^\']L 
I’lio parasite was found in tlie seed-coats of 5 per cent, of tJu' 
seed tJiat had produced a diseased crop and was clearly 
introduced in this manner.^ The Harper Adams Agricultural 
College has reported a case where a single consignment of 
potatoes from a crop infected with warty disease spread the 
disease over a district with a 5-mile radius. 

How far packings are responsible for carrying the spores of parasitic fungi 
is uncertain. Smut spores would no doubt travel readily in this way, but 
most of the destructive diseases of tliis class are already widely distributed 
and they woidd bo carried still more easil)^ as a rule on seeds. Soil is 
unquestionably dangerous, as many soil-dAvciling parasites arc long-lived and 
resistant to uiifavonral)le conditions. But in a general way there does not 
seem to be sufficient evidence available to decide liow far dry packings can 
serve as a means of transit for parasitic fungi. 

An analysis of some of the Australian rusts to show the pi'obable means 
of introduction of foreign s])ecios to a googra])hically isolated part of tlie world 
may help to an estimation of the part played by man in disseminating 
parasitic fungi by moans of their traixsinission on phu\ts or ])a.ckings. 

In Anstralia, 90 spocies of Puccinia had boon recorded up to 1905. Of 
these 22 were considered by McAlpiuo (“ Rusts of Anstralia,” 
Melbourne, J90G)tohave boon introduced. I have classified 
them as follows:— ' 

Thirteen are on cultivated agricultural or lioiticultural plants, 
presumably introduced ]\y sotthn s, gaulcuors or tlie trade. 

P. ChnjHnntlmni on clirysanthenmm. 

P, Cicliorii on chicory. 

P. grammis \ ■ 

P. tfiticina bon wheat and barley, 

P. sim/plex J 

P. Hdiantki on sunflower. 

P. Loin on rye grass. 

P. malvacearum on hollyhocks, etc. 

P. Maydis on maize. 

P. MenthcB on penny-royal. 

P. Prwni on peaches, plums, etc. 

’ Massoo, O. Kiw Bulktin. 1913, p. 205. 
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recent to have been recorded x^oints to the preponderating part played by 
iiian. Probably at no period in the history of the world has the movement 
of plants of economic worth, to and from distant countries, been carried on so 
oxtonsivoly as at the present day. The time taken in transit has been 
(fontinually shortened since the introduction of steam; and whether the 
[)arasite is best fitted to travel as spores or as mycelium, there is no doubt that 
iihere arc few parts of the world that have not been brought near enough 
to allow the great majority of the fungi that cause disease to reach us, with 
their host plants, in a living condition. 

Pou continuous or short-range spread, parasitic fungi make use of a number 
of different methods, the chief of which have already been enumerated. Pew 
travel in the mycelial stage, most having spores suitable for-the purpose. In 
a general way these spores are disseminated chiefly by the wind, but each 
case must be considered individually, as there are some quite unsuited for 
air transit and no general statement would cover all groups. For discontinuous 
or loag-rangn spread, on the other hand, the parasites, whether they travel 
in the !n}'Golial condition or as spores, are bound up with the ovements of 
their host plants, and the general statement maybe made that, if we can secure 
the absence of parasites fiom imported or exported ydauts, wo can control 
the disGontiiiuoiis spread of the great majority of parasituj diseases. 

With these conclusions in mind, the controlling the 

dissemination of diseases caused by parasitic fungi may bn considered. Throe 
oases may be distinguished : (1) where the disease has succeeded in gaining a 
footing in the country ; (2) wliere it has only reached neighbouring countries 
not separated from us by natural barriers ; (3) Avliore it is still confined to 
areas isolat,ed by the ocean or by large tracts with dissimilar climate and 
vegetation. 

Diseases already present in tlie country can ordinarily make use of tbe 
methods of continuous syuead, which are mostly uncontrollable. There have 
been attempts in tbe past (and several are in progress at the yireseut moment), 
to exterminato newly introduced parasites in various parts of tlie world. It 
is doubtful if any liave succeeded, while some, such as the campaign against 
blac.k rot of the vine in Prance and coffee leaf disease in Fiji, have failoil 
(!omi)lctoly. The American gooseberry mildew is still siu'cading in England, in 
spite of: restrictive mcasuros. The Godavari palm disease campaign has 
been more successful, foi’ it has kept the attack confined lyractioally to the 
same area, but it has, so far, failed to stamp it out within that area. In the 
United States very active measures are at present in force against several 
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(lisoasos oi; roG<iul. iiitrodiustiou, as ciliriis oa]\l<«r and. tlu* l>!lsi»!r-rusi; <>1 

ill!) ^\j!!l.a [)iuo. In Ireland ones nl' t/hn niosi. li.o|Hifid elleiis as yet innle!iak<ai 
is dh'ooded aj^ainsi; warty disoase oi; potatoes, wlu(fh was iui-roducasl into (nic. 
small firoa. On tlio whole, though it is as yet too soon to simuk dofindsdy. 
it is (ihnir that treatments of oxtinotioii are oxtraordnuirily difruadt to appi\’ 
HUOcessfiiUy, and t'iiat it would be much easier and more (dhuhave to buip the 
disease from, getting a .footing in the country. 

Against tlio second class of cases, where tlie disease has not yet reacluid 
us though known in neigh.boiirmg conntrios, India is ]iee.nliai‘ly W(;U sitmiUsl, 
It is almost coniplektly isolated by the sea or the impassable barritu o1 tlui 
lliraala,ya. Only along the (.mastal tracts uvonml the Bay of .Beugal and jiossibly 
through Balmiliistau {ire tliere routes by wldcdi. contimioiis spi'ead might 
oceiir, ami tluae a,ie hnv (adtivated plants whicli, extend alcug Uieso fraets 
l)<itw(i(m India, a,u<l tlie coiiutrie.s outside. Kroiu (leylou we itiight perhaps 
(/et infected, as it is possibhi tli.at such ag(au;i(fs as tla^ wind or eoiitaminai.ed 
insects <UMild eari’y spores aiaoss tlie luirtow gap lroiu (.hat colony. \\ il.li 
these exceptions, however, India is pra,etiea,lly immune I'rom foreign, iliseases 
unless tliey are allowisl to (ionm. in ou their Inist pla,n(.s. Such eountries as 
are not gengrapliioally isolulied fiom tln/ir neighbours are in a less favourable 
position, sineo ttusy are exposed l.o attaek by parasites thatean use (.he metiuuh 
of continuous diss<munation and tlumc! is, as a ruhi, !i(,th! (ihaiiei; of kcepitig 
those from spr< aiding across (.he frontier, mxeept in the few taises. su(;h ns \va.r(y 
disease of ])otatoes, wliete the pa,rasite ea.iuiot ordinarily travrd unless on i(,s 
host. 

The third chiss incliab^s all those diseases wiiieh <!au only reach us by tiie 
methods of d.iscouiU!Uioiis spreail, which, frmn the evidence given above, may 
be practically reduced to dissemination with hortieiilliural prodmmor jaickings. 
If all imports of plant ])rodu(;o c.oidd be chtickod therii would be little ehaneti 
of siKih diseases en(;oring the country fSo drastic a measure is not reijnircal 
])rovided that we can ascertain what diseases slioitldlx! guarded against. .h"or 
this it is impor('.ant to know : (1 ) from what ])arts of the work I \v(=, might reciuve 
dangerous diseases, and (2) what diseases exist in each area, (.hat could he 
im])orted and might pi’ovo iirjiirious. 

'rUei’c is no direct eviilenco to indicate from wliat paids of (,he world India 
might import dangerous diseases. The country is ho large, (dui variations of 

) It, in Hcarciily iie(:(\s.sary to mentiou that (lisoiifios (*au detect, ion iiud dis* 

itifoct'iou :il, tli« port o£ entry, in .so many iuihoh, that thia metliod o,f attempting to ohtuiu Wicurity 
has boea abimdouod. 
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ciimate aro so groat and there are so |nany difl’erent crops grown, that there 
is scarcely any considerable area without some parasite liable to attack a 
valuable economic plant in India, l^'urther there are as yet few exact records 
of introduced diseases to suggest where danger may be looked for. We have 
probably received the potato blight and vine mildews from Europe ; chrysan- 
tliemnm rust may have reached us direct from Japan or through Europe, the 
downy mildew of maize {Scleros'pora Maydis) perhaps from Java, and that of 
cucurbits possibly from Ceylon. Most of the recently introduced diseases in 
Europe seem to have come from North America, East Asia or the temperate 
parts of South America, but no such well-defined danger zones can be suggested 
for India. Hence in oi‘d(a,‘ to secure ourselves against tlie introduction of 
exotic diseases, tliere seems to be iro alternative at present but to take each 
of our important economic plants and cxanrlno the records of the parasites 
that attack it in other countries and that are not yet blown in India. Jn this 
way it may bo possilde to draw u].) lists of the dangerous diseases that should 
be prevented from entering India on their host plants. Eortiinately India is 
as yet largely self-contained as regards seed, supply and nursery produce ; 
comparatively few living plants or parts of plants are imported ; and from the 
lists furnished by the Customs authorities it would appear to be a fairly easy 
taslv to decide what produce enters tlie country, through private agency, of a 
kind likely to bring in dangerous plant diseases. 

In preparing a list of the diseases that should be guarded against, certain 
difficulties arise. In the first place the diseases that occur i.n many countries 
and colonies are not well know.n. Even in Great Britain no complete plant 
disease survey has been made and it is consequently sometimes difficult, or 
even impossible, to ascertain whether a particular disease occurs in that country 
or not. This is still more the case with other areas, such as China, from which 
there may be a danger of diseases being imported into India. In most of the 
discussions on international problems of xihytopathology in recent years, 
reference has been made to the need for establishing a plant disease survey in 
each country. At the least a card index s}K)uld bo maintained in some central 
location, in which all diseases of economic plants are entered under the parasite 
and under the host xdant ; and all new diseases should be recorded as they are 
rcqiorted, togetheu’ with the localities affected as far as known. TJie raainten- 
an(!G of an index of this nature requires no gi'oat amount of work and enables 
any country desiring it to receive a list of the diseases and the plants afl'ected 
which would greatly help it in deciding what imports should bo kept out. 
Only one word of warning is necessary. Such an index cannot be prepared 
in the laboratory or office alone ; the knowledge required must be gained 
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iUsoiiKos of rticoiit swfli iih oitniK caiikor uiul ili,o ni' 

I’.lui whi(;o piao. la Ireland oiia oC tho laoat Uopofiil oiToHs an yt'd umbaiakon 
is dmiofcod af^ainst warty distniao of jiolaitoos, ^v]u(1l^ was iui/i'<Hlu<!0(l. iiif.o ouo 
small area. On tko wliolo, tkoiigli it is as yet to(» soon to sjaaik (kiliiutoly, 
it is olear that treatments of extinction are extraordinarily diilitmlt to apply 
siiocessfully, and that it wonld bo much easier and more oficotive to kassp tin; 
disease from "ettiug a footing in the country. 

Against the second class of cases, where the disease lias not. yet rtaiched 
us though known in neighboiiriug countries, India is jiocidiarly well situated, 
ft is almost cotu]>l<!t(dy isolated hy the sea or tlic im})assable harriet ol tin; 
Himahiya. Only along tlie coastal tracts aronml tho iky ol ilongal and possibly 
tliTougli. fklmdiistan are tlnne l■out<^s by wliudi continuous spread iniglit 
oeoiir, and tlurre ate few (udtivated plants whicli. (ixUntd along those iraets 
hetu'een India and th,o countries outside, From ('ieylori W(! might ptulmps 
get itileeted, ns it is j)ossibl,o that such agemnes ns the wiiul or tioui.anmial.tid 
insects could carry spo)'<is across the narrow ga,]> Iroin tliai. colony. With 
these exceptions, Jiowove.r, Imlia is practically inunums from loro'ign diseases 
unless they are allowe.d to (;om<i in on their liost ])lants. SneJi countries us 
are tu)t geographi(^ally isolated from tlnrir neighbours ar<i in a less ravouraldo 
position, sinriothey are e.\'pos<?d to attaek by para, sites that c, an nsrddio methods 
of continuous dissemination and tlicnt is, as a, riilx!, liUhi ehaner} ol keejting 
these from spreading across tlie Irontior, cxc(!j>t in the lew cases, such as wail y 
disease of potatorss, whole tier paiusite cannot ordinarily travel mi hiss on its 
host. 

Tluj thiixl class includes all those dis<ias(is whicdi ea,n only I’eadi us by the 
methods of discontinuous sjuoad, wliicli, from tlur evidencri given abov<i, ma,y 
1)0 practically rediuxalto dissemination witli Jiortieultiiral jniodncr! or pat;king^s. 
If all imports ol plant i)ro(luco could bo oliockod thm'e would ho little chance 
of such diseases entering the country.^ Bo drastic a measure is not recjuired 
provided that we can ascertain W''h.at diseases sboubl bo guardral against. For 
this it is important to know : ( 1 ) from wliat parts of the wojid we might .rerioive 
dangerous diseases, and ( 2 ) what diseases exist in each a,rea that could Ims 
imported and might ])rove injurious. 

dliero is no direct ovidonc-e to imlicate from what jiarts of tlie world India 
might import daugiirous diseases. The country is so largo, the variations of 

1 It Ls Koareoly nc(!ca.siii'y to inimfcioii that fim/ifUH diHoasoH can (iscape (hit(?cti<)n aud liiM- 
inf(n;li<m ut the port, ol entry, in ao many cuhos, that this method of attempting to obtain {iooiiirii,y 
luiHi bueu abandonod. 
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ciiiTiafce ai‘0 so i^fceat and there are so |naj\y different crops grown, that there 
is scarcely any considerable area without soine parasite liable to attack a 
valuable econo aiic ])lant in India. Further there are as yet few exact records 
of introduced diseases to suggest where danger may be looked for. We have 
probably received the potato blight and vine mildews from Europe ; chrysan- 
themum rust may have reached us direct from Japan or through Europe, the 
downy mildew of maize {Sclerospora Maydis) perhaps from Java, and that of 
cucurbits possibly from Ceylon. Most of the recently introduced diseases in 
Europe seem to have come from North America, East Asia or the temperate 
])arts of South America, but no such, well-defined danger zones can be suggested 
for India. Hence in order to secure ouiselvos against the introduction of 
exotic diseases, t})o?'o seems to bo no alternative at jnesont but to take each 
of out important economic plants and examine th<) records of fclie parasites 
that attack it in other countries and that aie not yet known in India. In this 
way it may bo possible to draw u]) lists of the dangerous diseases that should 
be prevented from entering India on tlioir liost i)lants. Eortunately bidia is 
as yet largely self-contained as regards seed sii])])ly and nursery produce ; 
comparati V(dy few living plairts or parts of jfiantsare inrported ; and from; the 
lists furnished by the Customs autlroritics it would appear to bo a fairly easy 
task to decide what produce enters the country, thronglr private agency, of a 
kind likely to bring in dangerous plant diseases. 

In preparing a list of the diseases that should bo guarded against, certain 
difficulties arise. In the first place the diseases tliat occur in, many countries 
and colonies aio not well known. Even in Great Bjitain no complete plai\t 
disease survey lias boon made ajid it is consequently sometimes difficult, or 
even impossible, to ascertain whether a particular disease occurs in that country 
or not. This is still moi-e the case witli otlior areas, such a.s China, from which 
there ma.y bo a danger of diseases being imported into India. In most of the 
discussions on international problems of phytopathology in recent years, 
roferenoe has been made to the need for establishing a plant disease survey in 
each country. At the least a card index should be maintained in some central 
location, in which ail diseases of economic plants are entered under the parasite 
and under the liost plant ; and all new diseases should be recorded as they arc 
re])()i.'tod, together with the localities affected as far as knowji. The mainten- 
ance of an index of this nature requires no groat amount of work and enables 
any country desiring it to rc^ceivo a list of the diseases and the plants affected 
which would greatly help it in deciding what imports should bo kept out. 
Only one word of warning is necessary. Such an index cannot bo prepared 
in the laboratory or office alone ; the knowledge required must be gained 
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iiu.ijjoly (>y liold'’ worLy as it is gonnrally useless to iv.ly uu tlui uluuuu;^ 
notiflcaiiou of! <'lisoasos ; and the field m 5 ’'cologist ” is tins <nily ])ei’son who 
(uiu undertake tins work. | 

Then in deciding wliotlier a disease is likely to provii dang<vrous (U* nt.i, 
the problem of; vaiiation in virulence iii different localities lias t.o bo taken into 
iu;oount. Thoro is nnfoitunately abundant evidence that diseases iliat are, 
lektivoly mild in one continent may prove ex(ioodingly virulent in another. | 
The vine mildew and oidinm are cases already rofeired iio above. Tlnj 
chestnut bark disease, perhaps the most coin])lotely destructive fungus disease 
at present under observation, is another, since in its origimil lionie in East 
Asia it is comparatively innocuous. Tlmt a jiarasite introdnood to a new home, 
where conditions are to its liking, may dovolo]) ace.'ioutnatod ^■ind^nlee is now 
well known ; tli,o rule holds ecpially fer animal diseases ; and small-pox,, for 
instano.e, is known to rage witli exceptional viobmoe wlum lirst introdiK'ed 
into a new community, as amongst the Nortli American ludijins. An American 
phytopathologistl has recently brought tog<!ihor som<? cases observed during 
a tour in Enrojto of diseases whose destnud-ivimess dilhn's in the l,wo coutiiuniis. 
He found the lirown rots of fruit {Sckrolima oi Mon ilhi) di<l nuudi more damage 
in Europe than America, as also the stiawberry mildew and sonu^ others. Oi/ 
the other hand, the black rot of ajiple bS'/j/nempsA- inulartcm) rlo' s little injury 
in Europ<» (wliore it is known from Italy to Ihigland) wliilt; it is a widespiead 
and de.structive disease in the United States, and this is i.rue also of the liiUor 
rot of the samo fruit {Olmyftpnnum frudifjrinm) and asparagus rust, ’Whihf 
it is tempting to think that tliese difforencos are diuj to the rlisoases being 
(iomparatively recent introductions to the country in which ilmy ar(i most.' 
destructive (as is true of tlie asjiaragns ru.st), there is no evidence wliat.ever tliat ' 
this is the case witli tlu^ brown rots, the strawberry mildew or tiie two ajixile’* 
diseases. Whatever the causes, the fact remains thai. the virulence of a dis<tasfi' 
ill one continent is no safe gnirle to its dostructivenes.s if introduced into* 
another. | 

The preparation of lists of diacasc.s, wliicli it is desired to exclude .from 
each country, was accojited as an essential part of tlie scliemo foi* securing 
iiitornatioiud co-operation in checking the sjjircad of jilant diseases an<l jiesi.s,* 
drawn up at the International Phytojiathological Oonfei'iuice hehl at Eonie in 
February, 3 Oi l. The object of the Conference was to frame a Convention' 
to control the inter-state ciroulatiou of h<U‘tioultural produce, 'riic meetings 

‘ < 

^ tShoar, 0. I.. “ Komo oljRen'aHinifi on phytopatliologioal prolih'viiH in Eiiropo and 
America.” Fhyiojntholoijy HI, 1913, p. 77. 
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Were attorulod by delngatos of «oiue 30 States and Coloui<5s, and tlut 0<n\v<m.i.i()u, 
as finally dvaftod. scunrod unanimous support, sultjoct to jatification by 
tho fkn'ornmonts of tlio countries concerned. outbreak of war lias 

delayed ratification in most cases and as some diflerencos of opinion regarding 
certain clauses of tlie Convention were becoming apparent in several comitries,^ 
it is doubtless an advantage that further time has been gained for discussion. 
Since tlie question of the adherence of India is not yet decided, it maybe useful 
to examine the leading features of the Convention in the light of the conclusions 
arrived at in the (iarlior part of this note, for it is evident that any restrictive 
measures of the kind propo.sed should be based on tho knonm facts regarding 
thedisseminatkmofplantparasit.es. 

The Rome Convention (See A])peudix II) pro])oses to control the inter- 
state circulation of horticultural stock (living jilants, cuttings, grafts, flowering 
bidlis and out flo^Yers), with certain exceptions mentioned beloiv. Each 
adhering State pledges itself not to admit such stock without a coitificato that 
its sanitary condition is satisfactory arul also (where 3nquired) that it is free 
from certain specified diseases. 

In order to be in a position to grant such certificates, each State undertakes 
to set up a Coverumont Service of Phytopatholog}'. the duties of which will 
be to supervise nursoiies and other establishments laigaged in trade in living 
plants (with tho exceptions referred to) and to inspect cultures or consignments 
(or botli) intended for export. 

Tliore must be one or more Government research centres iil each country ; 
the appeai‘ance of diseases and pests and the localities infected ought to lie 
recorded (but this information need not lie notified to other adhering States) ; 
measures orrght to bo taken to prevent or check plairt diseases ; arrd there' 
ouglrt to be control of the transport and packing of the plairts destined for- 
export that come cruder the Convention. Each State nrnst take leglslath’’e and 
admirvistrativo stops necessary, to gi\o effect to these requn'omeiits and to 
]nrnish broacdics of the regulations. 

enable each adhering State to know what specific diseases mirst lie 
mentioned in tho cortificiates given witlihr that State to mri-sery stock iirteuded 
for export, every adhering country w'ill prejiaie a list of the diseases against 
wdiich it wishes to guar’d itself, : These lists will all be furnislred to the Go'verii- 
ment Phytcqiailiological Service of each country, and when a consignment 

' Soo Gardeners' C’fironide, 3rd Sot. LVI, ini4, pp. 94, 338, 350; Proc. Drd International 
Congress ofTrepical Agriculhirs, London, 19J4, pp. 109-117 &• 38S-301 ; Tram, ih., I, 1910, p. ]25. 
Ann. Applied Biology !) 1914, p. 113; Joiirn, Bconomic Biology ^ X, 1915, p. 42. 
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goois out of any udhodng country, tlio cortificato witli it niuHt fstato tliat it iw 
fi'tHi i'rolu such, disoasos (nicntumcd l>y name) as aro on tins .list «)! tlio (iouiitiy 
to wliicli th.o plants are going, and wliicli <!t.)uld be in tlie (ioiuiigmuont. 

No country may put on its list common diseases already widely distri- 
buted, or tliose whose ordinary host plants are absent from the count.ry, d'Jie 
diseases mentioned must be (1) of an epidemic character, (2) destructive o*: 
at least very harmful, and (3) easily disseminated by living plants or parts o.£ 
living plants. 

Tlio Conv<mtion does not apply to the viue,^ to seeds, to edibhi tnlnvrs, 
bulbs, rhizomes, ami, roots, to fruits and vegetables, ancl to roots arn-l juoduce 
of field cultivation. Living plants of any hind are also ox<;lnded from coni-.rol 
if intended for scientific institutions authorised by (Jovernimml^ to introdm'e 
plants for scieutiiic study. .It is clear, therefore,, that no cm'tifii'iii.e is retjuired 
by the Convmitiou with imports of any of these. 

"What is not (dear is whether a certificate is recjuired witJi irnpoi'ts of wild 
idants or plants not coming from a nui'seiy. Article 5 of f;li,e Couventiou states 
that the adlieriug t;onntrios pledge (diemsolves not l.o admit, living plants 
wit/hout a certificate (exce])t as noted in the last ])ar!igiaph). iriui fact that 
countries such as England impoit for horticultural purposes wild, jdants Iront 
})arts of tins world whence ccatidcates cannot ])ossibly be got. (as Tibet) was 
either overlooked, or it was intended that such, impoits slmiild cea.^(;, or it 
w'as intended (but not expressly .stated in the AcU’ Finale. ol th,e Oonvoutioit) 
that wild plants should bo altogether excluded Irom the regulations. 

There is nothing in tlu*. Convention to prevent countries making any other 
regiilatioiis they like, ju’ovided they do net constitute a b.rea(!h ot idui primaples 
of the Convention. The latter stipulation is not expi'ossly moutiomid but, 1 
take it; is implied in any international agi-eement of tlie kind. 

These are tluj essential parts of the Convention, 'rinar (dToct oii .Lidia 
may be Gonsid<]rod (1) as concerns imports, (a) from adhering countries, (6) 
from non-adhering countries, (2) as concerns exports. 

The trade in importing plants seems to f.all into two nmiu ou.f.egoi ms : 
plants already in wide cultivation ar<} imported chiefly frf(,m nur;-i(iri(;s ; |il,aiits 
not already in wide cultivation (including noveltitis and wild plauis) often, do 
not come from nurseries or trade establishments at all. 

For the first class, the ajijdication of the Couventiou f.o imjjorts from 
adhering countries presents few difficulties, and the myc(»h.tgi(!al iMspiirememts 

’ Covorod in part by the Beriio Couv(iution, 


slionld not cause more restriction in tlie trade tlian is likely to he profitable 
to the trade itself in the long run. All imports of the sort covered by the 
Convention must have a certificate, whether there are any listed diseases that 
conid be carried or not. This certificate will guarantee that the nurseries 
from which the plants have come are subject to inspection and that either the 
crop or the particular consignment (or both) is in a satisfactory sanitary 
condition. In addition, the Indian list will show what specific diseasijs (if any) 
the consignment must be certified free from. The exporting nursery or 
nurseries will be inspected and if clean from the specified diseases (if any) and 
the produce or consignment in a healthy condition, the certificate will be given. 
All that is necessary is for the Indian list to be prepared in sucli a way tliat 
no disease will figure on it which is likely to be so widely present in tlie exporting 
country tliat there will be a difficidty in gidting clean certificates, unless India 
is prepared to stop the imt^ort of the host plant from that coimti’v. Tl: we wish 
to continue to import pears from countries in which pear hliglit is widely 
prevalent, this disease should not figure on our list. It must not be forgotten 
that the Convention is drawn up in tlie interests of the adhering countries 
themselves and it would be for the Department of Agriculture to consider 
whether the country is likelj'’ to lose or gain by listing a particular disease. 
In some oases it may be better to keep a disease outside the Convention and 
to deal with it in a more elastic manner, if necessary. 

Imports of nursery stock, of the sort covered by tlie Convention, from 
non-adhering countries must cease, unless tlio exporting country can and will 
give certificates signed by " competent official' agents in the same form as 
those required from adhering countries. The adhering countries undertake 
not to give non-adhering countries more favourable treatment tlian those 
adhering. The efiect of this part of the Convention is to enable pressuie to be 
brought on other States by the adhering countries and will presumably result 
in forcing all that have important export trade of the sort mentioned, with 
adhering countries, to enter the Convention. In the beginning thoj-e will be 
difficulties but they will probably disappear as soon as exjxu'ting countries 
].‘ealise where tlunr interests lie. 

For plants which do not come into India from nurseries, the difficulties 
are much greater. As already pointed out it is not clear wliether we must 
■refuse admission to all living plants (with tlie exception of tliose specifically 
excluded from the Convention) unless they have a certificate, if so, then we 
should refuse entry to orchids, flowei-ing bulbs and the like from many tracts 
outside the British Indian Customs frontiers, including much of the Himalayy., 
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sinu(i ifc is gnuo rally itiipossibla to obtain a (iOitUbfato in .siu^li cast's, !(; stioins 
iiuirodiltlti iliat tJiis could liavo boon iiitoiidod tind probably [ilaiits nof. taauiay 
Jj’oiU Jiursoi'itis or othor trade «.sl;abli,s1untsjifc,s, a.u<l Lliorttfort! iu»t, t;a,pab!(i td 
oarryiug a certifit^ato (siiujo only nursorios aiyl tlio Ulvo artt io bo inspotiitsl) tiro 
l^(^aut not tt> b(! covorod by tlio CJouvontioii at silL K tins intoiprt dial ion is 
wrong (and tlio point slioiild b« made oloar as soon tis itossiblti) (ilio inditin 
Oustoms will bo confronted by a most difficult pjobUnn, since it sotuus 
impossible to close our frontiers to siicb plants, and every ciTort sliould bt'i 
made to get tlie Oonvention tibolislitKl and a now one std; np, to wliitib India 
can adluno. 'riiertt is little tlanger to bo foarod from the wild jdauts that outer 
India from tlie Himalaya and otlun iioigbbouring trans-frontier tracts, and 
standing out may render ns liable to lusavy penalties from udfairing Htaies, 

Tlu'i'o seems no musl bo go into the legislative'. a)id admiiiistmi/ive oufasures 
tliat will b(! iwiuired to deal at the points of entiy (wliicli musi, be specilind) 
\vitli. imports under the Oonvention. Monu! are laid down in tlie Oonvention, 
others are matters of internal admiuistratiou. There may Ixi diliteulties in 
deciding wh.o is to liear tlie cost of <ionsigiuuents refused admission, but sui'li 
ipiostious are outside the seo])e of tlie ]»resent iliscussioii. 

For the elTeet of the Ooiiventlou on exjiorts, much will depend on the 
modesty of; tlie roipiireinents of other adhering 8tat<^s. Tiie (bnvontiou lavs 
down that the lists prepared by each country, of tlie diseases which, it want-, 
to exclude, should be us liiuited as ])ossible. But, siuee each country will 
iiave a separate list, the total uumber of disisases wliieh must be watched fur 
in an exporting nursery may bo c.onsiderahle. Jt will be necessary to scrutiiuV*! 
the lists of tlie various countries with care to see tlrnt tliey come within tlm 
bounds prescribed by Article 10. Even so, l.lieia' may well be listed diseases 
which art^ so prevnilent in India that a c.loau (HU'tijicate will be difficult to get. 
As I have already suggested, in some laises it may be wise to attenijit to get 
other countries to witlidraw a particular disease from their lists, so as to bi', aide 
to deal with it in a more elastic mauuer. Still as a ge.iiei’ul rule it- will be better 
to hav'o the specKic diseases of Indian plants listed by the coiiutries we export 
to, as they would tlieu be bound to accept oiir oortificatos in any case in whicli 
they might be correctly given. Although tlui (louventiou does not ))TeYen<. an 
adhering State from making other TOgulatiims, it does, I assume, prevent any 
regulation whicJi would nullify its provisions, lienee no udlieriug State e<mld 
well refuse admission to a properly certified consignment fj'oin another adJiering 
State, since this would be to go beliind tlie central priueiple on which, the 
Gonvontion ivas based. 
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'■.riio iuspeolKUri ol: the. ludiau Govcnuuout 'Fhyfcopatliol(>;ficul will 

have tin? ooui])loto lists; ol all adhering eouutrios. AVluni a iun:scry wislio.s to 
(‘xj)oi:t stock whic.h conics under the Conveutiou, it must apply for inspection. 
Ikesumahly it will bo neces-sary for Governmont to maintain a list of tin? 
inspected establishments, and any wisliing to export to adhei-ing countries 
jiiiist apply to be placed on this list. It will then be inspected. 

The Convention leaves it open whether the inspection is to bo made on 
the growing crop or on the consignment for export or on hotli. The double 
inspection was proposed but was judged difficult to apply in some cases. It 
was also stated in the discussions that inspection of consignments need not ])e 
parcel by parcel but that the whole stock which is to form the (jonsigiimout 
may -be insp»eoted at once. 

Not only must the stock (wliether growing or ready for (?xport) bo inspoct(?d 
for the diseases in the list of the country to which. tli<? consigumeut is going, 
but its general sanitary condition must be pronounced satisfactory. It is 
open to the inspecting staff to iuteipret this latter roquiremeiit loosely or 
sbrictly, but it is certain that no consignment can safely bo ])ronounct?d 
absolutely free .from every disease, aud the interpretation should, iu my 
opinion, be a Irroad one. AVoll kept gai’deus need not fear it, unless they ar{? 
struck by aji epidemic or something of the kiiul, when iliey must expo(;t 
th(?ir exports to be restricted. 

To be offectivo a single inspection in the course of the year will frequently 
not suffice. As proposed ah the Conference (but not ado])ted) it would be of 
advantage to inspect the crop at tho period of its growth when diseases ar(? 
most evident (usually as it apju'oaches marketable condition) aud also to 
inspect the consigumeut when r(?ady for export. It was clearly with a view to 
maldug tho conditions of inspection as little onerous to the grower as possibh?, 
that the double inspection was not insisted on. It seems to have been admitted 
that as a general rule it is better to examine the consiguinents ready f(jr export 
but that in certain cases one must be content with tho examination of the, 
(u*op. From the strictly mycological point of view tho examination of tlu? 
ero]) can be of great assistance, and if made shortly before the dcsj^atcli 
of the consignment would frotpreutly suilice. If matlc mu{?li before th<? 
plants were reaching saleable condition, or any considerable time before they 
were lifted, I would consider a subsequent examination during the period 
of their preparation for export to ho necessary. 

In addition to the visits of the inspectors for the? purpo.se of grajiting 
certificates. Government ought (under Article 1 of the Convention) efficaciously 
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to siiporviso oHtablislinionts ougagod in tlio trado in living ])l.a.iU,ti, nuik(^ 
provision for tko notification of disisaso, and ta,k« n’i,oasur(is to pnivonf; and 
combat discas<is. A Govotnmont wbicli intcrprots this as an cnoaniragoinont 
to any oxtensivc system of oliioial control of the hygiene of nnrscri(^H will gei/ 
little sii.])])Oit from exporieuced plant pathologists. It is gnmerally lm])ossi!>h> 
to standardise roinecUal measures against any paTticular disease. The soil, 
climate, water conditions, and other external circumstances of any locaility 
frequently have a most important bearing on the remedial measures to 
applied and the way to apply them. Also the varieties gi’owu, arid th'. period 
of the year when the attack develops, differ from place to place. Even in 
such a well-ostablishod treatment as seed disinfection against wheat bunl , 
there have been cases of failure due to local conditions and varieties, gi-own, 
in India, Canada and the United States, and the sanin is Ukaily to ])e tnu! I'oi 
certain diseases of nursery stock also. What Govoriuueut can do is to ])i()vi,d<! 
iufoimatiou of the best available! kind; its applicatiim to local ciiniimstances 
requires local knowledge ; and 1 would bo sorry to outer into competition with 
an experionced and wdl-wfomed nurseryman in tiying to cli(K;k a disease in 
a locality of which- 1 did not know the conditions. 

Thus for the first time an attempt has been made to secure general reciog* 
nition of the fact that th,o spread of plant disiuises is larg<ily due to human 
agency. To check this, the Conventioji goes as far as was p(‘.rlia])s to lie 
expected in a first step. At tins same time it is obvious that it does not go 
far enough to provide oomjrlete security, and in one or (wo rtisjieets it does 
not seem to take siiHicient account of tlie facts regarding tiie dissemination of 
parasitic fungi, discussed abovtr. 

The Convention wholly fails to make any distinction Ix'-iwecui continuous 
and discontiuuous dissemination of parasites. It has been shown that diseases 
that can make use of the methods of continuous disst!miuatioji to (ijo.ss mir 
frontiers cannot ordiiiarily be kept out, and there is little advautagis in listing 
them. Fortunately India is not exposed to any appreciable danger from tliis 
class of disease. We liave already, no doubt, received most diseasiis of 
neighbouring countries that could reach iis in tliis manner ; they ar<i jeohabiy 
very few in numbei ctwiug to our geographically isolated posif, ion ; and exce})f. 
in the ease of diseases newly intioduccd into Ceylon, wliich miglit spreati 
to Soutli India, or into the Malay Peninsula, which might reach Ihirma, it Is 
hard to imagine our getting infected from oiifsido in any other way tiian by 
means of conveyance on imported plants. To prevent danger from Giyleu and 
the Malay Peninsula is not easy, especially in such newly introduced {!rops as 


rubber, and we can only hope that new diseases will be kept from entering these 
areas as fa]‘ as possible, oi* that, if they do eirter, the natural barriers to their 
spread will prove sufficient to protect India against them. 

It follows from this that India should be prepared to list parasites at the 
I'easonable request of Ceylon or the Federated Malay States, even though their 
host plants are not of importance to India. We might be asked to list a cacao 
disease, though the plant is but little grown in India, because it is a valuable 
crop in Ceylon. In such cases it might save trouble to stop cacao imports 
altogether, since they are imobably quite unimportant. We should, of course, 
list any rubber disease that these colonies wanted to keep out, and would expect 
them to reciprocate by listing any diseases we did not want to get. 

The proviso that only such diseases may be listed as are destructive or 
at least very harmful, loaves out of account the known facts of variation in 
virulence already referred to. Under it, it is probable that the chestnut bark 
disease could not have been listed, since it is said to do relatively little damage 
in China and Japan, wlicnco it came. In preparing lists it will be wise to 
include all such diseases as there is reason to fear, from experience with allied 
parasites, may develop accentuated virnlenoe if transferred to a now area, even 
though they are not very harmful in their original home. For the present, 
special regulations to deal with such diseases outside the Convention would 
have to be made, but it is to be hoped that they will ultimately be allowed 
to come under its scope. When a new crop, such as rubber, is introduced, 
there should be no hesitation in attempting to keep out every disease that it 
sniffers from in its native home, which has dangerous potentialities, even though 
it may not actually be known to cause appreciable injury. 

It has already been mentioned that certain diseases can bo introduced 
on seed. Seed is frequently conveyed by post and there is no machinery for 
restrictive measures which coidd prevent dangerous importations by this 
road ; seeds are expressly excluded from the Convention. In the United 
States Quarantine Act of 1912, nursery stock which is subject to restrictive 
legislation is defined to include seeds of fruit and ornamental trees or shrubs, 
but field, vegetable and flower seeds are exempted from the regulations, though 
it is provided that the latter may be extended to include exemi^ted articles 
by the Secretary of Agriculture in case of need. Also the United States Post 
Office Order of July 1st, 1913, renders nursery stock unmailabie in the 
international Parcels Post, unless addressed to the United States Department 
of Agriculture. Hence the United States has gone further than the Rome 
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Couvi.in,i/iou was propaiod to go, but still allows tli,o uncontmilod inipoTi.idb)fi 
of most seeds, bulbs, and roots. This and the suggestion that a piiriiouhn’ 
disease must bo now and dangerous to justify inclusion in the scliedulos, are 
tlio cliiof woakmissos of tlio United States regulations, wliicli, otherwises seoui. lo 
bo well adajited for the purpose in view. Still the Secretary of Agricultui e 
has power to extend these regulations to meet specific dangers, and lias 
exorcised them in the subsequent restrictive orders against warty disease of 
potatoes (tubers not liaving been included in the original definition of nursery 
stock), and against corn (maize) from India and Java, which might convoy 
Sclerospora Maydis. 


Botanic gardens and a-grioultural experiment stations a, re as liable to 
introduce exotic diseases as nurseries or any other agency wliiidi imjiorts plants. 
A disease so introduced is not likely to be ra})idly dissomiiuitod liy infected 
plants being distiibutcd throughout the coiintiy, as may hapjieu wlita-e a 
nursery is coucorned. Also there is somewhat less danger of lUseases of valuable 
economic plants, widely grown in the country, being inf-ruduced, at least into 
Botanic gardens. Nevertheless them is considerable risk in giving dilTorential 
treatment to such institutions on any considerable scale ; and in tlu?. Unitoil 
States, for instance, only the Department of Agricultma'. may import nursery 
stock iudopoudont of rostrictions except such as are jiresoribed by the 
Secretary of Agriculture, other institutions desiring fio inqiort })la,nts for 
scientific or experimental purposes being subject to the same regulations ns 
private firms. 


It is clear that the Convention does i ot cover all classes of plants that 
might bring in disease. In pait’cular it excludes produce of field cultivation 
{ffoduUs de yrande culture). Potatoes, sugarcane, tobacco, many planters’ 
crops, and our ordinary field crops are not protected. Hardly any of the 
diseases scheduled under the existing Destructive Insects and Posts Act in 
India come within its scope. This was perhaps inevitahle, as only a very 
limited start could have hoped to secure unanimous support at th.e Conferencif. 
As it stands, the Convention is far from satisfying tho requirements of most 
tropical countries and colonies, where horticulturo is only a very small part, 
of the agricultural industry. The majority of the dangerous diseases of 
foreign origin that should be prevented from entering India cannot fm<I a place 
on its official lists. Still there is no reason why any country should not insist 
on certifi-catos with imports of other plants besides those covered by the 
Convention. Once the machinery is in working order there will bo no very 
great difficulty in obtaining these certi^catos from countries with adequate 


Phytopathological Servicos. Tho uowly organised Frcncli service a]) pears to 
1 ) 0 . prepared to give tjertificatos for such produce as tubofs, repots, and seeds 
oE field crops, tliougb these are outside the Couveutlon. If this exiiinple is 
followed we may expect to be able to get certificates with mo.st of our imports ; 
under the present Indian Act we require them for potatoes from ceidain 
countries, for sugarcane and for rubber ; and now that Europe is practically 
committed to the certiftcate system and tlie official agency for tlio purpose 
has been defined, it should not be long before certificates cap be obtained, 
if needed, for most of our imported j)roduce. 

It remains to examine the restrictive clauses of the Convention, to see 
whether they go further than is justified in the interests of the country, Tliey 
are chiefly contained in Articles 1 and 6, and deal with the supervision of 
nurseries, the control of transport and packing, the notification of diseases, 
the measures to be taken to prevent and check disease, and the granting o f 
certificates after iuspeotioii. In all but the last a certain amount of latitude 
in interpretation is, I think, essential. 

In consideriiig how far the ofllcial supervision of nurseries and other 
establishments engaged in trade in living jjlants should go, a good principle to 
follow is that adopted at the Romo meeting, namely, that tho object should 
be to facilitate trade while checking the dissemination of disease. A nursery 
engaged in the export trade must be kept as free from disease as possible, so 
that it may fulfil the requirements of tho Convoutiou, or of otlrm.' regulations 
requiring certificates. To do this it must clearly not lay itself open to infection 
by continuing to purchase stock from other irou-iuspccted nurseries. It would 
be best to cease to buy from such nurseries altogether ; failing this, tho only 
other course is to arrange for a very eaily inspection of the newly purchased 
stock and meanwhile to keep it as isolated from the rest of the stock intended 
for export as possible. It will be readily seen that the latter is not free from 
risk, as spores from newly introduced infected plants may easily reach other 
parts of the nursery through the air or otherwise. Eor nurseries engaged in 
internal trade only, the same restrictions are not so necessary. I have several 
times referred to the generally excellent nusans whicli fungi have for 
continuous spread outside human control, when the distance to be covered 
is relatively short ; and as the spread by nursery stock within the country is 
only one of several ways by which the fungus can reach plants within, say, the 
same Province, we cannot often hope to do much good by sevei-e restrictions on 
internal trade. It is difficult to foresee all cases, 
the gradual spread of the great majority of 

m 
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oxiHt, .from iufool.od areas to nGigliboiiTing (Ust.iiotB, is largely uulopoiuloufe 
miTsery tratbi, ] Umco tli.oro is not tKo saino iiuluoomont to keep mrmn m only 
engaged in internal tiade ifroo .frominfcction, as tlKmi is wiinii (baling wU.li 
anrserios ndiicli. trade with countries -whicli tlio parasites can only reacJi if. 
carried with tlio host ])lant. Naturally it is (or ouglit to be) tlie iid.erest of 
every nursery not to soli diseased stock in iilio country, but it need not be 
tlio same prc-occnpation of Government to keep up the good name of a nurserj' 
engaged in internal trade, as with an exporting nursery where the trade must, 
inevitably cease under the international regulations wlien the stock for export 
becomes infected. xA.n exee])tion should ho made with new diseases on tUeir 
first appearance. Any nur.sery found infected might well he quarantined in 
such a ease, and as it is often not in any Avay the fault of the unrseiy flnil. it. 
becomes infected, the (piostiou of compensation would arise. Ihit once the 
disease has got a footing in several dilTerent parts of tiie country oi lias 
extended ’'widely in a particidar districit, it seems to me that the Govern- 
ment sorvioo slioiild concern itself eliiefly witir keeping oxjuu'tiug nurseries 
free from infection. 

The control of transport and jiackiug is probably less importanii (or perhaps 
it would he bettor to say, its e.[fect is less accurately known) in the cas() of 
fungus diseases than with insect pests. In a general way there is relatively 
little clangor of a fungus parasite, in a reasonably well jiackod consignment, 
escaping during transport. When it is present in the neighbourhood during 
packing (not necessarily on the plants packed), there is probably a danger of 
the pacldngs becoming contaminated. Ibr fortunately there is Iiti.lo informa- 
tion on tliis point, but it seems nndoubf.odly to ho possible. Wlieu the eon- 
sigumout is unpacked, spores thus car.ried miglit sometimes get loose. Ihmeo 
it would be a wise precaution to pack and unpack away from, growing plants 
or their d4bris, and preferably in sheds or other enclosed spaces, and also to 
burn all. used packings very carefully. 

The notification of disease can very easily be overdone, and there origlit 
to bo less ratliei: than m,ore need for it as time goes on. This is hocanso at 
present many States reepriro certificates stating that a paidicular disease does 
not exist near the locality from which the plants have come, whereas for all 
plants subject to the Convention nothing of the kind can w(d.l ])o demanded by 
one adhering State from another. In the discussions during the mec^tij'g at 
which the Convention Avas signed, it seems to liavo been generally recognised 
that the certificates should he passports to free entry (provided naturally tliat 
they are not found to have been wrongly given), and it might bo advisable 
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to make tliis cioar by adding a statement to this etJeet in the ixxly ol tli,e Cojx- 
mention. Further, compulsory notification of diseases is only of value witli. 
new diseases and for them only until tho disease has reached a moderately wide 
distribution, unless it is proposed to adopt compulsory treatment. In the 
present backward state of the knowledge of the occurrence and distribution 
of diseases in many countries, notification may appear important, but it 
seems probable that this state of afiairs will not last long and then notification 
can only serve three purposes; It may be rec][uired to enable certificates to be 
given for plants not under the Convention or going to non-adhering 
countries, where the importing country requires tho certificate to state that 
a certain disease does not occur near the exporting nursery ; it may be 
required in order to restrict circulation of diseased stock in tho country under 
the limits discussed above ; and it may be required if compulsory treatment 
is adopted. 

The question of compulsory treatment has been already referred to in 
part. I am not greatly in sympathy with any regulations of tho kind, except 
for new diseases, and for so long as there is a reasonable chance of preventing 
their si^read — generally for a few years only. My experience has been that 
it is impossible to adniiuistor ” a disease out of existence, though sometimoB 
possible to confine it to a restricted area for a time. There have been excep- 
tional chances of testing this in India and some of the colonies, and they have 
not been siilficiently successful to make it a hopeful line of treatment. In 
general I think the ‘‘ measures to check and prevent disease ’ which (jovern- 
monts ought to take under Article 1 of the Convention, should not Ijo in tlio 
direction of compulsory treatment or any other “ standardised ” methods, 
so much as in seeing that tho best information is at the service of those who 
require it, and in giving advice and frequent practical demonstrations of the 
best ways to deal with a particular disease. 

From the above it will be seen that there is nothing iu the Convention 
which insists on any rigorous control of nursciics, or which should not be 
capable of being applied elfcctivoly without intorforiiig unduly with sucli estab- 
lishments, if administered in a common-sense fashion. Some points require 
modification or oluciiiation, but none of these touch the ccnti’al principle, 
that the certificates of tlie Convention should bo the passports to free circu- 
lation of niusery stock, and none is of such a nature as to prevent tho adhesion 
of India, except the obscure point regarding the exclusion of wild plants without 
oeitifioates. It is highly probable that other countries will press for a now 
Ooiiveution after the war, but the modifications required are not likely to bo 
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and nuiy ho <)X])Oc1iod ho I'omovo Homo oil tiio woa.kuosKoa indioatofl 
above. Hi is mifortunahely tnio hliai; a (iouvouhion, ono<i sip;u<!<l, (iaunot be 
altered, but tlu^ same jn'onedure will irru'bably lx; loll, owed as , in the Ihvrne 
Ckuivoutiou of 1.879, deeding with. Phylloxem e»f tli,e vine. In tliis enise the 
modifications iudi<;ated by ex]uvrieuco were incorporated in a new Coiivoutiou 
bearing the date .188.1. 

I[, therefore, the Convention is regarded as being primarily ooncerned 
with the e()ntrol of inter-state circulation of plants ; if wild plants 
from neiglibouring areas are excluded from its sc.opo ; if the, clauses wliiidi 
reijuire that tins stock to be exported should l)o in a satisfact(.u’y sanitary 
condition and tied, tlm Covernmeut service should su])ervise nurseries and 
tiike steps ho previeil. or clieck diseases, are broadly interpre.hed ; and if tlie 
Covenummt seivi<-.(i is a goixl one ; then .1 think tliere are obvious advantages 
in adhering to it, while pressing .for the nuxlificatious suggested above and 
any otheis tlnij. may lieooine evident in the next year or two in tlu^ working 
of the system in those countihis that have already ratified ii, a.nd set up the 
iKictissary macliiiiory. d’o keep India fre<i .from tlm diseases of ocouomie pla,nts 
of imjiortauce, tlie Convention is only a lirsl, sto]), }>ut after a few years 
ox[xn.‘ieuce and as soon a,s otlier countries have established tlm organisation 
re<|uired if tlmy wish, to adlumi, there sisuns to he a goo<l prospect of a. 
much inore ollicient iiontrol of the (Ussemiuation of fungus diseases to distant 
countries, than has ever been tUonght possibhi in the past. 


APPENDIX I. 


Distrihulion arid extension of some 'parasitic bacteria and fungi, chiefly those 
causing diseases oj cultivated plants. 

The records below contain tlie brief liistory of the spread of most of fcbe 
important cryptogamic diseases of cultivated plants whose extension has 
attracted notice during the past 70 years, before whicli there is little informa- 
tion available. It has been impossible to verify all the references with the 
facilities at my disposal, and in any case it must be understood that the 
published record of tlie appearance of a disease often does not occur for a 
year or more after the parasite has actually been introduced, ever in the more 
advanced countries, while for much of Asia and Africa the date of record gives 
no indication of when the parasite was introduced. A thorough search 
through herbarium specimens would doubtless result in putting back the 
date of the appearance of several of the diseases referred to in different 
countries, but oven then we would not always have an exact date for the 
introduction of the parasite. Hence the records must be ta,kcn usually as 
giving an approximate picture of the spread of a disease and are open to 
correction on further enquiry. 
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abundantly provided with 
spores. Could travel on 
living plants and very 
probably also in ijackings. 
The spores might perhaps 
also get mingled with the 
seed and travel with it. 
It does not seem to be 
known how long they 
live, but several allied 
species have fairly long- 
lived spores. 

provided with spores 
lort-distance spread, 
been widely dissemi- 
d on seed, as abun- 
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Japan, while in England it has 
been, referred to H- ja ponicum. 
This species was described by 
Shirailn 1896 in Japan. 

rst described from South 
America (the native home of 
the tomato) by Spegazzini in 
the Argentine in 1884. Is be- 
lieved to have appeared in 
Europe shortly after the intro- 
duction of the tomato into 
euitivatioii. It was known 
in Italy between 1888 and 
1891; Hungary 1902-03. 

Franee and Cerraany (Ham- 
burg) 1905. It was first re- 
ported in Eiigland in 1908, 
w’hen it was said that it had 
damaged the crop in Glouces- 
tershire the previous year. 
In the ireport it is said that 
there is little doubt it was 
introduced from abroad with 
cultivated tomatoe>. Noted 
first in the United St ates (New 
Jersey) about 1S93 and Ohio 
in 1S9U- Ls now a de.struotive 
disease east of the Missis.'ippi. 
Reported in Australia 1 910-1 1. 
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new disease in England 
or indeed anywhere else. 



APPENDIX 11. 


InU'J'uadoivil PhilojintholoyivaJ Cotnr>t/i<>it of Roiiu'. 

Ai'/ich L- Tin; o^uitruciiiig iSfca.ics uij;r<Hs iiu Lnko i lu; e 

juul adininiwtwtivo iiuuisiir«;s to oiiwuro c.onuuon ami a.tlioimious agaiusi 

tli (5 iutroduction aiul oxtoiiaioa o,l! ma-nuos o,{, plants. 

'I’luisi! huaisiinis siioiiM osjxaaally lla\<^ rojLjaid tn ; (!) ilic ('(riaacJuiis 
Hirparvisiou oT uiirstim'tp ^jjjardnus, 'ivtaiii'lious^fs, and, ntlicr nNtaMisluiunit.s 
ttiufiigod ill i.radn ill liviii^u: Itliiiits (pbints, cuitiii'is, trails, ll nvtiiiii,i!: Indhs, and 
cut llowaw) ; {“i) tlm rncordinjf of tlni apjaiaraunn ol' dif-aasns of plaut.s and 
of iujui’ious auimalK with tlio lotiali,ti<ss iufaatad ; {',V) tlui iiuuius ni' {diockiii}j; 
ami immiutiiiii; the disniwas ol plants; (!)tlu‘ romilation ol' the iranHiKui, 
and piKiking of tlio jilants and parts of plants tmmtioimd nbovo ; (5) tins 
luoasu'i'os to he taken in ease of a lirnaoh of tlni regnlatious. 

AH'wIh'L - Thorn shall ho croatod in oaiih l^iai.o adlioring to the prosont 
Oonvoutum a govorumoiit servioo of Pliytojiathology iidanidod to sooinai tlio 
execution of these lueasures. 

The goveminent service of IMiytopatliology will eoniprise as a miniintiin ; 
(l)tlio creation of one or more ostaldisluuonts for stinly and for scundide 
and technical research ; (2) the organisation of elToelive snpcrvishni of the 
growing plants; (3) the iiisj>octiou of coiisigiumnits ; (l)tlie issue of 
])hyto])athological certificates. 

Ariidc. 3. — The measures indicated in paragrajihs 2. 3, and -led' Aiticle 2 
shall be already in force at the inoineut of ratilication of or of a<lhereuce 
to the present Convention. 

All other measures indicated in Artich's I and 2 shall ho tak-oii in 
each fState within a period of two yours from the date of ratlliiiatiou td’ or of 
adherence to the present Convention. 

Aftide 4. — The xu’csout Convention shall ]iot apply to the vino., to grains 
and seeds, to edible tubers, bulbs, rhijcomes and roots, to fruit ami vegetuhlos, 
to roots and produce of field cultivation. 
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Article 5. — In ordor to protect contracting States against the introduction 
and tiie extension of plant enemies, these States pledge themselves not to 
allow the importation of living plants (plants, cuttings, grafts, flowering bulLs, 
and cut flowers) unless they are accompanied by the Phytopathologicai 
certificate issued by competent official agents of the exporting country. 

Article. 6.— The importation of the plants referred to in tlio preceding 
Article can only take place through Custom Houses of which a list shall 
have been drawn up by the importing country and coiiunuiucated to the 
exporting country. 

Article 7.— Each country reserves its right to inspect ifiants or fresh 
debris imported. 

In case the consigniuont of plants is found to bo infected contrary to 
the indications of the certificate, the importing country shall immediately 
advise the Government of the exporting country, which will take the measures 
provided in its regulations. 

The infected produce will be returned to the point of departure at 
the expense of the jiroper persons or destroyed by fire if roepurod by the 
importer ; in this last case, a report shall be transmitted to tlie Government 
of the exporting country. 

Artich S.-~~ThQ shall be in the form appended to this 

Convention and drawn up in two languages : that of the exporting country 
and French. 

Article 9.— Notwithstanding the above stipulations, the importation of 
living plants is permitted in the interest of scientific research, even without a 
certificate, on condition that their destination is a scientific institution duly 
authorised by the Government of the importing country and that the state of 
the consignment offers every guarantee against the escape of parasites. 

States with adjoining frontiers may make mutual arrangements to 
facilitate the exchange of plants in frontier zones. 

Article 10. — The several contracting States are invited to furnish to tlio 
International Institute of Agriculture, Rome, at the moment of ratification of 
or of adherence to the present Convention, a list as restricted as possible of 
the enemies of plants against which they wish to protect themselves and 
which must appear on the respective certificates. These lists will be 
compiled according to the following principles : — 

A. — In the enumeration of the enemies of idants common species of long- 
standing dispersion extending to nearly all countries will be excluded. 


*^0 
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The same will be the case with enemies of plants whoso oixUnaiy supports 
do not exist in the importing countries. 

B.~In specifying the enemies of plants which are to figure on the lists, 
the choice will be limited to those presenting-— 

(1) An epidemic character. 

(2) A destructive or at least very harmful action on cultivated plants. 

(3) An easy propagation by living plants or parts of living plants. 

Article 11. — The creation of the government service of Phytopathology 

shall be notified by each contracting State to the International Institute of 
AgriculturOj Eome. 

Article 12. — The contracting States recognise, from the time of signing the 
])resent Oonvention, the International Institute of Agriculture>( Konie, to be 
the official international centre for all questions relating to th(^ enemies of 
plants. 

The Institute shall collect statistical data as well as administrative, 
scientific, and practical information concerning all diseases and enemies of 
plants, through the medium of documents which shall be communicated to 
it as soon as possible by the government services of Phytopathology and 
the establishments for Phytopathological Research placed under the authority 
and control of the several Crovernments. 

Article !^, — The International Institute of Agriculture shall publish, at 
least once a month, the administrative, scientific, and practical information 
transmitted to it. 

Article 14. — Any proposal from a contracting State tending to modify or 
amplify the present Convention shall be communicated by that State to the 
Institute and referred by the latter to a meeting of special Delegates of 
the contracting parties which, shall be called together on the occasion of a 
General xissembly of the Institute. 

The proposals studied by these special Delegates will then be submitted 
by the General Assembly fox the approval of the States which have adhered 
to the present Convention. " 

Article 15— In case of disagreement between two or more contracting 
States as to the interpretation of the clauses of this Convention, and in casit 
of practical difficulties in its application, the parties concerned undertake 
to submit their differences to the examination of a special joint Commission 
appointed from their Phytopathological services so that measures calculated 
to settle these differences may be proposed. 
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AftiGle 16. — States bound by tbe present Convention shall not, treat 
non-contracting States more favourably than contracting States. 

Article 17. — ^The present Convention shall be signed and ratified as 
soon as possible and the ratifications shall be deposited with the Italian 
Government as soon as at least three contracting States are in a position to 
do so. 

Each ratification shall he communicated by the Italian Government 
to the other contracting States as well as to the International Institute of 
Agriculture. 

Article 18. — States which have not signed the present agreement shall 
bo allowed to adhere on their request. 

Colonies shall be permitted to adhere on the same conditions as inde- 
pendent States, at the request of the States of which they are dependencies. I 

Article 19. — Adherence shall be notified through diplomatic channels to | 

the Italian Government and by the latter to the contracting Governments a,s r 

well as to the International Institute of Agriculture. | 

Article 20. — Eatification or adherence shall be accompanied by a formal ! 

declaration that the State possesses at least tlic services indicated in I 

paragraphs 2, 3, and i of Article 2. I 

The present Convention will become effective : for the first three States ■ 

at least which shall have ratified it, in a period of three months from the date . ; 

of ratification ; for other States, in a period of six months from the deposit | 

with the Italian Government of their ratification or adherence. J 

Article 21 . — If it should happen that a contracting State wishes to denounce 
the present Convention, either for the whole of its tenitories or only for all 
or a part of its colonies, the denunciation shall he notified to the Italian Gov- 
ernment which shall immediately communicate a true copy of the notification 
to all the other States informing them of the date on which it has been received. 

The denunciation wfill only have effect in regard to the State which shall 
have notified it or of such colonies as are indicated in the act of denunciation, 
and that only one year after the notification shall have been received by the 
Italian Government, ^ 


TjSTKRNA'l'fUlvfAh tMiVrOl.'ATUOLOlilCAL < '<tXVKVn<).\ oK 
(Uirtificale for coHsif/nme)il-'^ of hortmiUorol phinLs'. {Koch ,shtfciiifn( on iho. 
(Jerfijicnte to he aamipmikd h// o (rdrfflfilion hr Frenrli.) 

Name of Exporting CViviiitry. 

T. — DEGL^iBATION OF THE EXPORTER. 

Til ft iiudersigned (1) 

dticIiXTos : — 

A. That the plantH {-2) 


ftoutaiiiod in (3) packages, marked { I ) 

addrossftd to (5) 

ill (<)) have])ft(Hi pntdiieed entirely I’tom 

his osl-ablishiuftut or from other estaltlislmients uiuler inspection by the 


Pli}'to]iatliologieal seivifte ; 

*lh That this consigiuneut contains no vines ; 

*0. That the plants are packed (7) 

eartli. 

{,S) tlu! .... . .day of. 10 

Consignment from (9) 

EatabliHlimctnis oiitert'cl in Uio liwt 
Ccmipibcl in ecmfonnity with Artblo 9, §t» 
cif the Borne Convoiitien on Phylloxera, 
under tho 

No. . . . . . (10) 

fll. — A ttestation of the Administrative Ai^thority.^ 

The administrativo authority attests : — 

A, That the above oonsignmcnt of plants cmnes from groiiiul 
separated from any vino plant hy a space of at lea.-^t 20 meti-es, 

(1) Name, firm, profession and addre.'is ; (2) Kinds and ciuaulily 4)f plaid'-' ; {'A) Mitiniier of 
packages; (4) Mark and number; (3) Complete address of the consignee, nain(>, ]<rofe.ssioiu 
domicile; (6) Name of tho importing country; (7) Mention if the plaids are paelced irith 
m untliout earth; (S) Place of departure ; (9) Signature of Ihe ex-porli‘r; (10) Enter (lie 
number under which the oatablishinent i.s onte.red in tho general list.. 

*Ouly required for States adhering to the P.orno Convention. 

fThis certificate is only roquirod for countries adhoring to (he Px riu' (buvmd ion and (hen 
only in case tho establishment does not iiguro on the list published in vir( uo of Ar( iele !i, K f! of 
the Berno Convention. 

I Burgomastor, Mayor, or other competent aut hority according to the eomdjy. 
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or by an obstacle to tlie roots judged sufiioient by the coirijjetent 
autliority ; . 

]■>. That tills gi'oinid does not itself contain any vine plants ; 

C. That no dejio.sit of vines has been made on tliis ground ; 

D. Tliat there lias never been an infection of Phylloxera in the 

plantation or enclosnie ; 

hh If tliere have ]) 0 <!n any phylloxerised vines, that radical extraction 
has been do)ie and that poisoning and repeated investigation 
(luring three eonsecntive years, have assured tlie complete 
destruction of tlie insect and of the roots, 

......the (.Date)... 


Meal of 

tho coinpetnnt 

authority. 

(Signature.) 


11 1. — 0]iilTIF10.\T|i: OK -PllYTOPATHOLOGICAL INSPECTION. 

'rJui iindersigned, Inspector of the Phytopath ological service (1) 

, certifies that the consignment indicated in the declaration 

■of the exportin' (2) ^ ^ 

of. and coming .fi'om c.ultures situated 

at is according to the results of 

the iiiapcctiou (3) "■ set-isfaetorf salutary coudi- 

tion and tluit if; is free from the enemies of plants enumerated lielow (4) 


(Signature.) 


(1) Ntiuut iti full, nliiciiil (losiguation aiul address of the iuspec Ling oftieer. 

(2) aXiuiie in fall and domiciti of LIk! exporter. 

(3) iHdote where ueeot.sary llie mode of insiiection not erajdoyed. 

(4) Complete Ity the list of the enoinies of plants, enumerated in tlie ofticial list of the 
importing eouutrj-, wliicli emiJd exist in tlie consignment. 





THE INHERITANCE OF CHARACTERS IN RICE, 


1 

^ . F. R. PABNELL, B.A., Ag. Dip. (Cantab.), 

Government Econmnic Botanist, Madras, 

a N. RAUGASWAMI AYYANGAR, B.A., 

ANi) . 

K. RAMIAH, L. Ag., 

Assistants in Economic Botany. 

1 : .'.: ■ 

[Received for publicatioii on February 18, 1917.] 

I. INTRODUCTION. 

The existence of an extraordinarily large number of well marked varieties 
is a striking feature of cultivated rice. It would be possible to collect many 
thousands of differently named varieties cultivated in India. Many of these 
are probably identical, though bearing different names, wliereas in many cases 
the same name is applied to several different varieties. It is probable that 
the genetically distinct varieties would number several thousands. 

The characters in which the varieties differ from each other are extremely 
varied. On the one hand are morphological characters affecting the colour, 
size, shape, etc., of various parts of the plant ; on the other hand are such 
physiological characters as determine water-requirement, length of duration, 
vigour, etc. The variations shown in some of these characters are described 
by several authors who have proposed systems of classification of rice. The 
. most recent work of this nature is by Graham^ in India and Kikkawa^ in Japan. 

’ ' The present paper deals with the method of inheritance of some of the 

simpler characters. The material from which the results were obtained 


^ Graluini. R, J. 0., Mem. Dept, of Agr. in India, BoL Series, vol. VI, no. 7. 

■ J^ibkawii, R., Journal of the College of Agr., Imperial University. ToMo, ITT, 2, 
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couBisted very largely of natural crosses resulting from tlio cul(,i.Yation, side 
])y side, of a large number of difierent varieties. 

In 1913, wlicn tliis work was started, an examination was ma,dc of about 
one luindred varieties growing on tbe Government Farm at Coi ni])atoi’e. Some 
of tlicHo were almost pure, containing very few plants diilering ironi. (lie. ty]>e., 
whereas others were so much mixed that it was impossible to disi/mguish a 
definite type for the variety. In each variety a few typo plants were seloeted, 
together with any variations which were to be found. In selecting the latter 
such plants as appeared to he unrelated to the type, due to accidental mixture 

of other varieties, were neglected. 

Almost all these selected plants were selfed in the manner described below. 
Their progeny, grown in 19M, showed that a large proportion of the aberrant 
plants ivere heterozygous. The segregating families gave Mendcliau ratio.s 
for various characters and these wore followed up in further generations, .bor 
the sake of convenience the original aberrant plants which iu’omhI to be hetero- 
zygous will be referred to as Fi and tbeir progeny as F^, ¥‘u etc. 

" In addition to this material a few dcfini(:e crosses were made lietween 

pure strains. 

,11. PKELIMINARY CONSIDERATIONS. 

[a) Pollination. 

From the accounts published by observers in different places it wouhl 
seem that the details of normal pollination vary considerably for diffej-ent 
localities. 

Knutlrt states that dehiscence of the anthers does not, take place till 
they arc fully extended and in a pendent position. Akemine" has found that 
in a variety of North Japan self-fertilization takes place imimidiately befme, 
the flowers open. Fruwirth and Van dcr Stole* <!onchuIe that; in Java 
cross-fertilization occasionally takes place between neighbouring plants. 

P'arnetrt reports that in Italy rice is cleistogamous., the glumes remaining 
closed throughout flowering. A number of freshly introduced and old accli- 
matized varieties gave the same result and he concludes that cross-fertilization 
is impossible. 

1 Kinith, R, Hand-hooh of Flower PoUination, vol. IH, inOO. piifin 5:^1. 

2 Akomiiio, M., “ Uobor die Blufce imd daa lUuhon von OrjrM wd/,v/." Ltnulw. Zi.^rh. 
Nof/yo-Selcai, 1910-11, 

Fruwirtih, 0., and Van dor Stok, E., Dh XncJdinir} dar Loiidio. Kiilliu-pll''fir.nK 
Bd. V. p. 36. 

'F&mfiti,B,oiio]io,AUi dell 1‘stUuto Bolanko dell UnivmUajU Pavia, Hcn'e-^ JI, vol. X!i, 
1913,1x351, 
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Hector^, Y’orkiiig in Lower Bengal, finds that dehiscence of the aniJiors 
I normally takes place at the moment of opening of the glumes whilst the stigma 

^ are still enclosed. He estimates, provisionally, that cross-fej’tilizatiou may 

h take place to the extent of about 4 per cent. 

I Graham^ states that in five years’ work at Nagpur, daring wliich nianv 

different varieties were grown in adjacent lines, no case of natural crossing 
was detected. 

::l McKerraF shows that in Lower Burma a certain amount of crossing 

5 undoubtedly takes place. His figures in connexion with the crossing 

of white rice by red (L c. p. 326) indicate about 4 per cent, of total cross- 
fertilization. 

f Thompstoned notes that in Upper Burma '‘‘pollination takes place before 

the glumes open, or at the moment of opening — ^seldom afterwards/’ Ho 
finds that " . . . . hybrids are quite common among the numerous rogues l.o 
be found in nearly every field of ordinary paddy . . . . ” 

I , , _ Observations made at several places in the Madras Presidency show that 

' there is some difference between different varieties. Most commonly dehisccMice 

does not take place till the glumes are well open and the anthers are partially 
extruded. Very exceptionally dehiscence takes place immediately before or 
during the opening of the glumes, whereas occasionally it is postponed till 
some seconds after the anthers have assumed a pendent position. In some 
oases it has been found possible to perform successful emasculations, for cross- 
ing purposes, by allowing the glumes to open maturally and removing the 
anthers as they emerge. 

Hie ammint of cross-fertilization taking place iiatiirally was estimato^^^ 

for several varieties. In each case a variety was chosen which normally 
possessed a purple tip to the grain, but in which occasional plants altogether 
lacking in purple colouring were to be found. It will be seen later that such 
green plants are pure recessives, so that any purple-tipped plants in their 
progeny must be due to crossing. A few of these pure green jilants, surrounded 
by the purple-tipped type, were picked out and allowed to set seed naturally. 
Their progeny contained a small number of purple-tipped plants which were 
counted and calculated as a percentage of the total number as shown in Table I. 

’ Mem. Depl. of A{/r. in India, Bot. Scricif, xol Yl, mt. I. 

* Graham, E. -f. 1)., 1. c., p. 214. 

'* MoKorral, A., Ac/r. JL India, vol. VIII, 1913, p. 317. 

« Thompetoiio, E., Ayr. Jl. India, vol. X, 1915, p. 26. 
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Table 1. 


Ainoimt of itatw'al cross ferhUziiiioii.-. 


Varioty 

Jlistrict 

rli . 1 l’tir|)IO" 

tipiM-fl 

progimy 1 

I’rr ctnili, 

iMOI-ii/lH!.; 

8adai Saml'a 

Coiiubatoro 

2,41)1 i '" 72 , 

2-9 

Dodda nil'll liliatta . , . . 

do. 

2,019 2 

0-1 

Rwumawari •• •• 

do. 

2,,0;i9 ' 18 

0-9 

. Do. . . ' *.• • ■ 

South Arcot 

2.SSS 20 

07 

PaiHangi 

Qodai'cri 

3,794 i 92 

2 -'I 

Hfifii-fulaiiv (i) 

Coiniliatoi'i! 

21 

1 -j* 

Do. (:i) .. 

do. 

a.Ofio !o 

1 '4 

3,t a])])eii.rs tlnU. the amount 

of crossing varies considerably 

wilh tin 


variotyj would bo o,x})eote(l from tlie variation in timo <»1 d<‘hisconoe. of tiu*. 

UOtllOI’H. 

The last two lines of the table show tlie amount' of W’oSKing taking pluoe 
between two varieties growing on adjaecnt jdots. (1) represent-K 50 beads 
of TifmuJam taken from the lino of contuot, tliat is aeiaially eojuiningliug, 
with a,notlicr variety. No. (2) represonts 50 beads tn.ken at' a distatice of three 
foot from the line of contact, /.riiat the iunuiiut of crossing is |)ractically the 
same for both is no doubt due to the fact that the iirevalent wind, which is 
fairly constant at the time of flowering, was blowing towards the llascaddm 
from til, e other variety. Further experiments are necessary to dtterniine the 
amonnti of crossing taldng place over greater d.istances. 

(6) Method of selfing. 

Tiie method of. selfing adopted has been to cover the entire upper portion 
of the plant with a bag made of fine mull. The bag reaches from wxdl above 
the fnily developed heads down far enough to include the tops oi young tillers 
in shot blade. The latter can thus grow hp into the bag litdore. the })unicle 
emerges. In this way the whole of the flowers are selfcd, n ith ihe <ixecption 
of such already set flowers as have to be rem,oved at tlui time of bagging. 

The bag is supported inside by two bamboo stak<',s sta'iidiug v(‘rtiiea.l!}-, 
one on each side of the plant, to a height a little abovt^ tliat of th<; fUvvei(>p<*d 
panicles. It is closed loosely at the bottom by means of a pin on each siib' 
between the bamboos and the plant. 
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TJte setiiag inside such a bag is perfectly normal aud the bag may be left 
on till harvest wlien it is tied tightly round the bottonij after reinoviiig the 
bamboos, a,.ud tile whole plant is pulled up and dried. 

“iUhis method of scifiug lias proved very satisfactory, requiring little labour 
and causing ,uo loss of seed. Only in one or two cases, out of a very large 
number of plants, have wrong tjqies appeared which may have been due to 
crossing. It is possible, though not certain, that these were due to accidents 
of another nature. 

Waterproof paper bags, one over each head, were tried, but, in spite of 
liberal ventilating holes, the moist atmosphere developed inside very 
seriously interfered with setting. 

In all cases where the progeny of an nnselfed plant are included in a table 
this fact is indicated by the letter “ N ” after the reference number of the 
parent. Such plants have been used freely in tables for simple ratios where 
a small amount of crossing wn)idd only slightly allecfc the ratio. 

HI. CHAKACTEES INVESIICIATEB. 

(a) Size oe outer glumes. 

The spikelet of rice is single liowered and possesses two outer or sterile 
glumes, an inner fertile glume and a palea. In all references to tiie spikelet, 
the outer glumes will be referred to as such. Tiie fertile glume and palea are 
hooked together at their edges to form one common Btriictiire, the husk ; they 
are of similar texture and appearance and are affected by the same charaoters 
and will, therefore, be referred to together as inner glumes. 

The outer glumes are usually small and inconspicuous, about | to ithe 
length of the inner glumes (Idate I, figs. 2-6). In one of the varieties growing , 
at Coimbatore, RakM FaksU Bhatla, the outer glumes are approximately ’ 
equal in length to the inner glumes (Plate I, fig. 1), In India this character 
appears to be met with in only a few rare varieties in different parts. 

In a plot of a short-glumed variety, which was showing considerable 
variation due to previous crossing, several long-glumed plants were found. 
Eight of these plants were selected and their progeny, though showing segrega*- 
tion for other characters, were all pure long-glumed. On the other hand, of 
tlie short-glurned -plants from the same plot, selected for variations in other 
characters, several gave families showing segregation for this character. There 
were two very definite groups, short-glumed and long-glumed, in the ratio of 
about o : 7 respectively. The individuals of the dominant group were all 
typically shoit-glumecl with no distinction between' lieterozygotes and 
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'ltoj(U)/A'gotes. The long'glnuied recesai ves were mther ui U'? fewr 

(lid they approach the other group. 

A muuber of hh plants IVoin two segregating J'ainilies gave the iolluwin,", 
results in h’-j 

7 loiig-gliimed hh ]>laj its gave pun* long-glunied h;. 

, . f7 pure short-gluuieti K;;. 

aOsliort-glume,! „ „ l.'i «.g,eg3.ti,ig 1-’,. 

From the figures given in Table 11 it is evident that the nornial ,v/no/- 
ehaiueteiv is simply doininaut to the /(on/y/Zv^/wei/. 

This is in accordance with the results of Van der tSloh ^ wh,o staf.esf iiat the 
noiMual type is dominant. 


TABLt; IL 

Lmfjlh Ilf outer i/liiMes. 


Origiu 

of puretUr 

lUifonau-o No. 

SllOl’tr i'lunll’vl , 

l.OUl>-!.‘.llllUf(l 




45 ■ 

'.Iti 

:1.5 





'74 


Natuiul cnwsses 


■| 

, ' DiG- 

75 

m 




1 let) 

m 

- 

No. 4-1, J'b 



f g;57 

f' ftoir |»l;iiut..s 
i .sli(,»rt-glumod/ 

Hits 

1,101 

do 

:iGo 

No. liST. P,, ; 


/ eij^ht jiliuitw \ 

7,o:i4 

'•TM 


t .'HliOt't'ghlHH.Hl / 



Total 


S,Gr)7 

1 a.soG 


Odlrnlukd 3:1 


S,UUI''Uj 

■2,SSS'tId.^ 


(b) Golden COLOUR op inner cslumes and internode. 

The most usual colour of the inner glumes is a light green (Plate II, 
fig. 1.) j’ipening to pale straw, but there are numberless vaih^tios with 
other colours. Of these oue of the commonest is some form of what may 
be described as colonring, though this varies in dift’evenfc varieties 

from orange-ytdlow to reddish-brown (Plate .11, figs. 2 and flj at the tiln(^ rd' 
fiuworing, becoming rather darker and duller on ripening. .Plate I, shows 
phofcirgraphs of ripe grains of green (fig. 2) and gold (figs. 1 and .‘l.j 

^ Van dal' atok, i, e., p. 47. 





COLOURS OF INNER GLUMES. 

Ordinary green, Satlai Samba. 

Light gold, “Sakalati Sajina Elhatt; 

Dark gold, ““Ottadan. 

Dark furrows, “Pisani.” 

do. piebald, . p, 

, ,1 Manawan. 



COLOURS OF INNER GLUMES. 

7, GoifI piebald, “ Garudan Samba 

8. Green, I 


I j Patchy gold 
«* j (one panicle) 
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In planif^ wit::h golden innei: glimies the internode is golden, wliereas a 
ligiit grc(‘n ijiternedc uorinally accomjmnies gieen glumes. In all the material 
se iu!.' (‘xuruined; with the exception of one family to be described later, tins 
connexion bt'twi'eu the golden colour of inner glumes and internode has been 
eoustiiub. It will be seen later that purple colouring of inner glumes and 
iiiteruode depends on two separate factors which may be coupled so closely 
as to appear as one factor. 'Whether this is the ease wdth golden colouring 
remains to be seen from future work. 

The golden character, irrespective of the actual shade of colouring, behaves 
as a simple recessive to green. The total available figures are given in 
Table III which shows a simple o : 1 ratio of qmm to gold, 

Thom])stoue' dcficribes a d ; I ratio of 'white'. deeiJ rusty-red which is 
presumably tlie same as the a bove green and gold^ 


Tabi.e III. 

Golden colouring of ‘inner glumes and iniernode. 


Origin of paront 

Reference No. 

Green 

Gold 

Natural crosH . . . . . . 

10 

219 

80 


( 44()-^N 

178 

1 .60 

No, 10, F„ 





[ 45.5-N 

877 

no 

Natural (ii'OHs .. 

178 

447 

101 

No. 178, F, .. .. .. , 

^fjSO-N . 

300 

92 


540-;N 

944 

378 


543-N 

808 

260 

Groen crossea from uubagged gulden plants i . . 





544-N 

362 

118 


657-N 

828 

276 


56:i~N 

157 

49 

From Fg not counted 

56r)-N 

284 

73 


574-N 

229 

62 

Total of 17 other families 


3,436 

. 1,135 

Total 


8,564 

2,889 

Cnlciilokcl 3:1 

! ■ ' 

8,389 -71 

j : S,SG3'l 


1 TUompsitoiie, E., 1. 6\, p. 45. 
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All tlie greens are tire same with no difference between lieterozygotes and 
lioinoBygotes. In all the above families the type of golden colouring has been 
uniform in each family but varying in different families. 

On the presence and absence hypothesis an inhibitory factor must be 
responsible for the failure fco develop golden colouring in the above families. 
It is possible that the actual production of this colouring is dependent on the 
presence of a factor which may vary for the different types of colouring. In 
this case it must be assumed that all these families were pure for one or more 
such factors. No definite proof of the existence of such factors has so far been 
obtained but there is some indication of this in certain complicated farniiies 
in which different types of golden colouring occur together. 

In one such family, which was not giving the ordinary 3 : 1 ratio, twnj 
distinct types of gold were preseixt. The Fi parent, which possessed liglit 
golden inner glumes and internode, gave very few plants in .F«. OJ‘ these tin- 
inner glumes varied from green to dark gold with various intermcdiateH ; a, 
rough analysis showed grem 9, light gold 9, darh gold 5. All internodes were 
golden and this character has been pure in the further generations. Four of 
these Fg plants gave glume characters in Fy as shown in Table IV, 



In all plants described as green the glumes were distinctly yellowish as 
compared with typical greens but they ripened to the ordinary stiraw 
colour. 


In No. 4-31-N the ripening gold group could be distinguished only wiili. 
difficulty at llowering, but, as the grain developed, the colour became m.oi't> 
pronounced till at maturity it was a definite dull gold of a rather iigiif; sJiacle. 
All unset grains remained green whereas in ordinary gold types unset grains 
are definitely gold though they fail to darken with age. Table V gives the 
results of a further generation from this family. 
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Table V. 


Origin of parent 

■ 

Reference No. 

Character 
of parent 

Green 

Ripening 

gold 

No. 3, F,, .. 

431-N 

Green 

1,208 1 

357 



r 742-N 

Ripening gold 


all 



743-N 

do. 


all 



744-N 

Green 

all 


No. 431-N, F, 


745-N 

do. 

1,421 

52i^> 



746-N 

do. 

all 




747-N 

do.’ 

993 

'27^ 

Total[[sogregatmg . . 



3,022 

1,156 

Oalculated 3 } f. 



3,682-79 ; 1,1D4\26 


The figures show au obvious o : 1 ratio, similar to that of Table III, and 
it appears that a somewhat similar inhibitory factor may be concerned. If so, 
this factor differs from that akeady described in that it has no efiect on the 
internode and the inhibition in the glumes is not complete since, as already 
noticed, they possess a distinctly yellowish tinge. It may be noted that in 
some of the families concerned one or two i)lants occurred in which both glumes 
and internode were entirely green. These must have been natural crosses 
from outside as they also varied from the group in certain other characters. 
There is little doubt that they possess the ordinary inhibitory factor, crossed 
on from another group, and their progeny will be of mterest in their 
connexion. 

To return to Table IV, in No. 432-N, three groups appeared, viz., green, 
fafchy-gold and gold, in the approximate ratio of 1 : 2 : 1. These groups, which 
are shown in Plate II, figs. 8-12, were distinct and easily separable. The 
greens were of the same yellowish tyjje as has already been described and the 
golds were of an ordinary medium shade but with small green areas at the apex 
and base of the grain. In the patchy-golds the colouring varied considerably, 
both in shade and extenb (Plate II, figs. 10-12) even Osn the same plant. It 
Was always irregularly patchy and quite distinct from the piebald type 
(Plate 11, fig. 1) which will be described later* . 
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Tiie results of a furtlier generation are shown in Table VI. 


Table VI. 


Origin of parent 

, 

Oliaracter 

Ori'en 

Piiteliv- 

tiokl 

No. 

of parent 

got! 

Nu. :l P, 

4;i2-.N 

Light gold 

C»7 

1,292 

592 


749-N 

Cireen 

all 




7S0-N 

do. 

all 




751~N 

Gold 



all 

No. 432-.N, F, . . 

752-N 

do. 



all 


7o:}~N 

Prtteliy-gokl 

287 

975 

282 


754~N 

lio. 

28(i 

(lot 

288 


75rj-N 

do. 

74 

2:ii 

78 


75(J-N 

do. 

7<i 

172 

82 

Tutiil segregating 



1,:{2U 

2,974 

' 1 ,:J22 

Oalc'ulakd 1 .* S : 1 . . 


■■ 

1404 : 

i\sos . 

• .1,404 


It is evicle?at that the figures represent a 1 : 2 : 1 ratio and the patcliy- 
golds apparently form a heterozygous group intermediate between homozygous 
greens and golds. It may be that this is due to an inhibitory I’actor incom- 
pletely dominant for this type of gold, or possibly no inhibitory factor is 
concerned but only an incompletely dominant gold-producing factor. 

Since the families of Tables V and V^I were derived originally from the 
same parent it is probable that the same inhibitory factor is concerned in both 
lots and that the difference in effect is due to the different gold-producing 
factors present. This supposition is supported by the fact that, in one of the 
pure green families of Table V there occurred one typical patchy-gold plant 
which no doubt was a natural cross by a gold plant iji No. 432 of Table VI 
wliich was growing in the vicinity. Moreover in the pure green families of 
Table VI there occurred one or two obvious crosses with entirely green glumes 
and internode, due undoubtedly to the introduction of the ordinary inhibitory 
factor from outside as has been already described for similar crosses in families 
of Table V. 

(c) Dark furrows op inner glumes. 

In this character a dark blackish -brown colour develops in tlie inner 
gliimeS; more especially in the furrows (Plate I, fig. 4 and Plate XI, fig, 4), 
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It begiuB to appear at about flowering time, increases in intensity as the grain 
develops, and then facies to a dull brown during the later stages of ripening. 

It was at first thought that an inhibitory factor, similar to that described 
for golden colouring, existed for this character also. Numerous figures were 
obtained showing a 3 : 1 ratio of green to darh furrows. It now appears likel}’’ 
that the greens were not in reality entirely green but that the colour was 
limited by the piebald factor described below. 

Since the action of this factor was noted all families apparently 
segregating into greens and dark furrows have been examined carefully and in 
every case the greens have proved to he in reality piebald darh furrows. It is 
recorded for some of the earlier lots that the greens were not entirely devoid 
of colouring and these no doubt were really piebalds. It is not certain, 
however, that this was true in all cases. 

Many varieties exist in which the glumes are entirely free from this colour- 
ing, but whether this is due to the absence of the determining factor or to the 
presence of an inhibitory factor remains to be seen from future work. 

(d) Piebald pattern oe golden colouring and dark furrows oil 
INNER glumes. 

There is a definite localization factor which affects the distribution of both 
ordinary golden colouring and dark furro ws of the inner glumes. This was first 
noted in golden types where the colour is inhibited at the base of the glumes, 
typically to about one-third of the length, and also in a small area at the apex. 
There is often considerable variation, even in grains on the same head, but 
the character on the whole gives the very definite piebald appearance of the 
grain which is common in many varieties (Plate I, fig. 6 and Plate II, fig. 7). 

Reference has already been made to this factor in connexion with dark 
furrows. Here the effect is extremely irregular in segregating families and 
even in varieties pure for this character considerable variation exists. The 
minimum of inhibition corresponds roughly with typical gold piebald (Plate I, 
figs. 5 and 6 and Plate II, figs. 6 and 7). This amount of colouring is generally 
seen in occasional plants only and, even there, is often confined to a few of the 
upper grains in the panicle. From this all stages may be found down to those 
in which a careful search reveals, ou a whole plant, only a few grains in which 
a few specks of colour are present. An ordinary typical piebald dark fur rows 
plant exhibits about the amount of colouring shown in Plate II, fig. 6, on a 
number of grains in each panicle. 

The piebald character is dominant to self-colour, giving the ordinary 3 : 1 
ratio in F:> {see Table VII). It has not yet been ascertained whether the 
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variation noted as existing in the piebalds is to any extent dcp«'.udcnt on tli.e 
heteroijygosis oi otherwise of the localization factor. 


Table VII. 

Piebald localization factor. 


Origin of parent 

Reference No 

Daek Fuerows 

Golben 

Piebald 

Self -colour 

Piebald 

Solf-cOlour 

Natural cross 

47 

25 

8 

12 

■7 


. .504 



. 177 

m 


605 



121 

44 

No. 47, F., 

506 

39 

10 




507 , 

111 

39 

39 

21 


. 508 



40 

12 


166 

56 

19 

16 

5 

Natural crossoa 

1 626 

340 

147 

101 

42 


i 217 



180 

63 


' 1,003-N 

1,250 

390 



No. (tJO, F.,, noli counted 

1,004-N 

l,.304 

433 







1,007-N 

760 

233 




, I,00i)-N 

1,082 

330 



Total 

Calculated 3 ; 1 . . 

Tot 

Oalci 

4,972 

■I,940'S,5 : 

al .. 

dated 3 : 

1,615 

l,64(i'75 

.. 



1 

1 .. 

t»85 

70IN) : 

249 

S33\5 


There can be no doubt that the same factor is concerned in both types of 
colouring though the numbers illustrating this are not very good approxima- 
tions to a ; 3 : 3 : 1 ratio. 


(e) PUKBLE HGJVIEnTATION, 

The ooourrence of anthooyan pigmentation in some part of tJie plant is 
extremely common and different localizations of this colouring form some of 
the most striking varietal characters. 

The pigment, which occurs in solution in the cell-sap, will be ref<uTed to 
throughout as purple. The actual appearance, however, varies considerably 
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according to tlie concentration of the pigment and the colonr of the tisKne in 
which it is present. Thus in the epidermis of a dark green siieath it ajjpears 
bluish, n^liereas in an otherwise colourless stigma it appears reddish when in 
low cojicentration and almost black when highly concentrated. In no case 
has the pigment itself appeared to show variation when examined nndei- a 
lens. 

The inheritance of several localization factors will be considered later ; 
the factor at present under consideration is the power to produce purple 
pigment. 

One of the commonest types of segregation^in families from natural!}' 
occurring heterozygotes has been the production of pigmented and unj^igniented 
plants, The former group has varied in the different families according to the 
localization factors present in each case. 

Table VIII shows a few F 2 and F 3 families in which the ratio figmented : 
im'pigmetiied is 3 : 1. 

< ; • Table YIII. 


Purple pigmentation, 3 : 1 ratio. 


Origin of jjareiit 

Reference 

No. 

Pigmented 

Uapigmentod 

Natural crosaj 

10 

222 

77 


f 437-N 

1,270 

361 

No. 10, Fa 

1 440-N 

362 

119 


i 441-N 

1,093 

360 

Natural oropa ' . . 

640 

211 

66 


( 671-N 

701 

231 

No. (540, F,,' 

j 673~N 

1,064 

66 


1 687-N 

680 

241 

Total 


5,609 

1,811 

OaJevlated 3:1 


5,565 

1 ,S55 


This ratio has been obtained in a large number of families, the totals 
for which are as follows , 

Pigmented XJnpigmented 

85 families F 2 -F 4 . . 41,164 13,664 

Calculated 3:1 .. 41,121 : 13,707 

In two F 2 families, however, a ^ .* 7 ratio was obtained, and in each case 
both ratios, 9 .* 7 and 3 :1, appeared in further generations as shown in 
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Tabic IX. Tn all oases scyeral localization factors wore prosoni,, hoivk* j'aiiv', 
others segregating, so that all plants c!apat>lc of profluoiiig pig?o(‘nt niusi; haN'o 
possossixl a local izatioji factor. ' 

TAi;i;r3 IX.. 

Purple pigment(ifi(>n, i) : 7 ralio. 


Origin of parent 

■Reforenco No. 

rigmeiited 

riiiiigmentcd 

.Ratio 

Natural cross 

178 

345 

203 

9 : 6 -9 


p 602-N 

445 

327 

9 : O’O 

No. 178, F„ .. 

1 589-N 

20(i 

90 

9 : 2'9 


1 099 N 

1 00 

120 

9 : OV. 


1 (i05-N 

;m 

i;u) 

!l ; ,7 ’.S’ 

.Natural cross 

HH) 

to 

30 

9 : 0-75 

No. 190, F., 

^ 01 l-N 

702 

204 

9 : 2'4 


{ 014-N 

817 

002 

9 : O'H 

No, 014-N, F,, 

1 Ton families 

r,s,S'./ 

2JiW 

!) : 2-9 


I 8ix' families 

3,001 

2,333 

9 : 7 0 

Total 3 ; 1 ratios, distinguished by . . j 

9,247 

.2,949 


CakulatM ... 

,. .. 

!)J47 

r ,7.0/, '7 


1’otal !) : 7 

ratios 

4,814 

3,075 


Cftlrulali’d 


4.77, 

.7.7/7 



.i.ixc hgtircB 101 WiCiSc JaiTiilios flre BufiiciButJy dcfiiHto to [f^iivo no ricMilit 
that the formation of pigment is dependent on the simultaneotis pr('setice of 
two factors. It must be assumed that all the above families, giving a /> ; / 
ratio, were pure for one of these factors/'' 

Confirmatory evidence of the existence of two pigmenturtion factors Iras 
been obtained by the production of a pigmented plant l;>y crossing two 
unpigmeirted types. 


*A/’o/e;~,Sineo this was written a paper has been puhlisluri hv f!(a't<ir. ( Jl,>(‘r\’aliojii.: ,iii 
the Inheritanwi of Anthocyan Pigment in Paddy Variotios;’ .J/m//.' /V/, I, /y. fnUh, /;„/ 
f^r.rks, vol. Vllt, no, 2. , . , . 

lie has obtained both 3 : 7 and 9 ; 7 ratios of pi,,,,,,nUr.,l : nuM,»v>Uul, iho lalfer h.-iroo 
more common. His interpretation of results differs from that adept,,! iu fj.e pr,.,,,,! n ,„.T i,i 
that no disiinci.ion is made between pi,,me>U„lwn a.nd hailkatltm farters S,„.b ■, .ii- ,1 
%vould simplify the o.vplanation of many of the r,^s,dts given ; tines all the I'anilli.s of Tal,l,> ! If 
p. 94, might be considered to bo segregating tor two pigintnita(.i,)ii faeiers ami lie- .s|i,gjna lo,,,* 
iizution factor, but pure for the loaf-sheath and apiculus leoalixatiuu I'aefors. ( |.b j,'.] 
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Six unpigmented F 3 plants, from No. 614-N of Table IX, were crossed 
with pollen from a pure impigmeuted strain of Ocmidan Samba, One cross 
gave two plant. s one of which was pigmented whereas the other was ji.ot. In, 
the other live lots, comprising 13 plants, all were imxhgmented. 

(/) Dark purple colouring op pulvinus and auricle. 

In this character a very dark purple colouring of the epidermis is present 
in the pulvinus and also in the auricle and pulvinus-like region from which it 
springs at the junction of leaf -sheath and lamina (Plate III, fig. 3). The term 
pilvinus is applied to the swollen growth zone at the base of the leaf-sheath 
immediately above the node. The pigment is so concentrated as to appear 
black unless closely examined. 

In all cases so far noted the two localizations have gone strictly together, 
forming a single character which is dominant to the unpigmented type. It is 
probable that a single factor is concerned though it might be a case of complete 
coupling of two separate factors. 

The figures given in Table X show, approximately, a simple 3 : 1 ratio. 
There is some variation in the j)igmented group which is possibly due to the 
heterozygotes being less evenly coloured. This is a matter more of distribution 
of pigmented cells than of concentration of pigment in the cell 

Table X. 


Darh purple cohuring of puhmius and auricle. 


Origin of pareni) 

Rcfcveuoo 

No. 

Pigmented 

Unpigmented 

Natural cross 

10 

173 

48 


! 

971 

.‘10.5 

No. 10, Fj, 

1 4.S9-N 

476 

140 


1 442-N 

69.3 

182 


1 4o3-N 

226 

74 

Natural cro-sses ,, .. .. 

f ‘V 

61 

22 


( 86 

190 

08 

Total 


2,794 

829 

Calcuhfcfl 0 : 1 . 


2,717-2S 

r 90S '75 ■ 


ig) Puil-purple self-colour of leaf-sheath. 

In this character the epidermis of the leaf-sheath is coloured very distinctly 
purple, especially in the sides and edges. The colouring, although frequently 
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ino,st intenfie in the lower half of the sheath., always exi-einls np lx* the jnnfjtion 
with the lamina and often into the lignlo. The lower sheiith.s, o.sjH'oiaJly su<;h 
as ar(3 poorly developed, show the niaximnrn amonni- of eolom'iug, 

.Plate IV shows two types width were oiv>HS(‘d, P, 1 possessing Ihis eluu'aoic'r 
and B, 23 in which, although some pinplc; colouring a]>p('ar<'(l in the shcatii. 
this definite character was absent. Tlie purple lining of the slHavili, and ini.er- 
node of B, 1 is due to a separate factor, to be considered later, w]u<th, is in no 
way connected with that under eonsideration. 

Six Fi plants were obtained from this cross, all with full-purpio sheaths. 
In ¥‘2 c- simple S : 1 ratio was obtained for presence and absence respectively 
of fiill-pnrple. In the latter group some individuals were practically devoid 
of self-colour, whereas others reproduced tlu^ small amount shown by B, “23. 
It was found that this colouring in B, 23 was almost entirely <lue t^o a. se-|)araie 
character, to be described later as pirple aril, mainly aflecd-ing the (iolour of 
the inside surface of the sheath. This was absent in B, J ; hema' th<‘. ho was 
segregating for this character as noted. Omi-ain families in again gave t.he 
S : 1 ratio for full-purple. Table XT gives th<‘ figure's obtained with regur<l to 
this character only, leaving out of account other oharnefers which do mfi. alleot 
it in any way. ' : , 

• . ■■ Table XI. ■ ■ , > , 


FiM-'p'urf>U self-colmir of leaf-sheath. 


Origin of paronii 

Boforonco No. 

Fo1]-pm’))lo 

■Slight pni’plo or groon 



r 642 

310 , 

«7 



643 

304 

111 

l'\— B, 1 X B, 23 


644 

38S 

108 


j 646 

138 

47 



646 

149 

52 . 



. 647 

344 

91 



694-N 

459 

152 



096-N 

420 

145 

No. 04.5, F, 


700-N 

125 

45 



. 703-N 

615 

236 



. 707-N 

249 

91 

Total 


3,501 

1,165 

OakvlatedS :1 .. 


5' ,‘W9-r, 

/.rOFV. 
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T\u^. fn11-|)ii,rp,I(‘ oliarnctcr is o])vi<)usly due to tlie presence of a simple 
I'aot.or, irrosp('ol;ive ol! any Other colouring that may be present in the sheath 
A. good, d,eal, of Viiihition in intensity of colouring exists in the dominant grouy) 
a.ii<l this pronal, |,o he jiaifily due to the heteimygotes showing, on the whole, 
raiiino' 1<nss colour than the pure dominants. The former could not he separated 
a„s a. deliiiilio group, Imwever, owing to the fact that varying exposure to 
also afh'Ots tlie intensification of the colouring. 

(A) Purple i.ining of internode, purple glumes, purple stigma, 

PURPLE AXIL. 

Tlni a, hove characters will be considered togethei’, since, in certain crosses 
in wluifh they were all (ionoerned, several types of gametic reduplication 
occurred, 

Pif.rphi liiiin;/ of t/ta inlernode is due to pigment in the sheaths of the 
vascular hiii idles, lli is noi’inally associated with a ceiiiain amount of lining in 
the .leaf-sheath, and it is possilde that ope factor dcteriniues hoth. It is a 
common clmractin-, found in viuy many varieties, and shows great variation. 
,!n s(vme typivs Ihe lining is faint and scarcely noticeable, developing only when 
tiie iida'ruode is exposed to strong light. Many intermediate forms exist 
between sucii types aaidtliose showing the fullest development where the whole 
iui.eniod(‘ is doi'ply coloured in shades varying from almost red to almost black. 

Huch. dei^dy I'-olourcd types are included under purple lining as examina- 
tion shows tliat tlu‘ pigment is ])rosc.ut mainly in the bundle sheaths, although 
if. spreads into the surrounding coilex sufficiently to give the appearance of 
seif-colouring. 

'riieri’i au' uudcubtisUy several factors concerned in the various typevS 
lining, Init fh.en‘ a])])('a-rs to l)e considerable complication and they have not yet 
been worked out. So far as concerns the present considerations the actual 
type of lining is inimuterial since all have behaved in the same manner. 

Tli.e 'purjilc (jluMtfi character is ,somewha.t variable. In all types noted the 
small outer glumes are almost entirely purple. The inner glumes vary, in 
distributio.n of the colouring, from the type shown in Plate lY, B, 1, to one in 
which tliey ai'e uniformly purple. The actual colouring also varies from 
ordinary purple to almost black. 

I’lic fa,o(ors concerned in these variations have not been worked out, 
as in -{.In' cas(‘ of jmrple lining, all tj’pes behave in the same manner in 
leliitious Gousiilored below. 

'Pile ty]io of ■purple sh’gnia under consideration is shown in Plate IV, B, 23, 
Other types exist hut are not included in this account , 
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The term fmrple axil m applied, for the !=iakc of conveuiejme, to a deep 
piirple colouring of the epidermis on the inside of the sh('ath. it is most in(,(ms<'! 
in, Idle axil, and gradually diminishes as it extends upwards till il, disappeai's 
about half way u]) the slieath (P,late IV, li, 23). 

•As will be seen below, the above four characters Ixdiave as simple 
dominants to their respective unpigmented types, each oliaracter being due to 
the presence of a simple .factor. In the following description the presence of 
these factors will be denoted by the capital letters L, G, S, A, respectivel 3 ^ and 
their absence by the corresponding small letters. 

The principal material to be considered was derived from the cross botwcini 
types E, 1 and B, 23 of Plate IV. Reference has already been made t o this 
cross in connexion with jmrple self-colouring of tln‘ ](«af-s]i(aith ; i.his is entirely 
indepemlent ol the aliove characte.rs and may la* (lisregarded lu're. 

These two types were plants from pure st.raius of the va.rictiy iittfianip, 
separated by Mr. llilson on the Government Farm at Hamaikota. Their 
composition, together with that, of Fi, may be .represented as I’ullon's 
B, 1 LLGGs s a a 

B, 23 1 1 g g S S A A 
Fi LlGgSsAa 

In Fg it Avas found that each character, considered separately, behaved 
as a simple cloraimuit, giving a prcmice : nhmiee ratio of 3 : /, When all four 
characters were considered togihlior it was found that 
purple lining Ava,s associated Avith purple glumes ; 
purple sfigma. „ „ purple axil; 

green iniernoclc and glumes were associated with purple sfigma aiid axil 

Thus only three types occurred, Avhich may be represented as L G s a-' 
L G S A and I g S A. The ratio approximated to 1 : 2 ; 1 j’espectively, as 
shown by the figures in Table XII. It follows that— 

L is coupled AAuth G 

S „ ' „ A 

L G repels ' S A 

Thus the Fi— LI GgSsAa — can form only two types of gamete, 
vn.y L G s a and 1 g S A, Avhich result in the foIIoAving ratio in ].A : - 

1, L L G G s s a a : P, L 1 G g S s A a ; i, 11 g g S S A A»-o:.e., t,Avo pure 

types similar to the parents and a heterozygous type similar to F(, This 
Avas confirmed in F 3 as mil be seen from^Table Xlt 
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Table XIL 
Type B, 1% B, 23, 


Parents 

L G s a 

LG S A 

1 g S A 


F, (5 plants 

. 1” 23 plants, N, '1 
{ L G S A J 

560 

1,097 

466 

(Lg-SA, S 

6,969 

14,070 

7,242 

aha < 


\ia S A, 11 

Total . . . . 

7, .535 

1.5,167 

7,708 


Calculated 1 : 2 : 1 . . 

7,602‘o : 

1.5,20,5 : 

■ 7,m%5 


. S pla nts, N, I 

2,750 




L G sal 





F 3 f 

8 plants, N, 

1 IgSA i 



.5,622 

■ 



In the six T 2 families, totalling 2,129 plants, no case occurred in which 
L and G were not coupled. In the twenty-three splitting F 3 families, totalling 
28,281 plants, nineteen showed failure of this coupling, as shown in italics 
in Table XII. 

Unfortunately the F 2 parents of these families were not selfed and, there- 
fore, it is not absolutely certain that these aberrant types w'ere not crosses 
from outside the group. Crossing inside the group could only slightly affect 
the 1 : 2 : 1 ratio but could not produce the aberrant types. 

A few undoubted cases of crossing from outside were found, but these 
were easily recognizable since the type of internode and glume colouring was 
quite distinct from that of the group, which was peculiar to itself. 

The nineteen aberrant plants were absolutely typical of the group in all 
respects and there appears to be little doubt that they represent examples of 
incomplete coupling of L and G. It will be seen from tables that follow that 
occasional aberrant plants of these types are constantly occurring in families 
segregating for L and G and this fact supports the idea of incomplete coupling. 
To make quite certain of this point, and in order accurately to estimate the 
amount of coupling, fifty plants of the L G S A type have now been selfed. 
In view of this no further reference to this point will be made be^mnd giving 
the numbers of such aberrant types as occur in the families described. 

'No departure from complete coupling occurred with regard to purple 
stigma and axil. 
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TJie same soil oj; characters appeared in No, OK), anui/her (O.'oss witJi 11, 
])nt In’ an nnlaiown male parent. K? was in a.ppea, ranee like .same; an I'.lu' ('‘renK 
already desoriked and its cansiit.ntion proved to ko the sann', ext'.ept iliai. i(. 
was ket('ro:i 2 ygon,s for one of tlie pignientatiou factors. 41ms iu j4. 
and VivpkjmeMcil plants appeared in tJie ratio of o : ./, Tliis <i,id not, a Ik'd:. ( Ik* 
composition of tiro pigmented group, wliioli was jiiade up of tfu* ilnve gs-oups 
already descriked ■ — ■ LGsa, LGSA and igSA — in the / ; •:! : 1 ratio. 
If ere, again, in F 3 the same result was oktained. Six plants of the .L G! S A 
group all reproduced the 1 : 2 : 1 ratio, whereas six from each of the rdln'r 
groups ail bred true (sec Table XIII). No aberrant types were produced iu 
this group. 

Table XIII. 


Parcuts 

l;.(*l't‘rctic<> No. 

:i4 (1 s a 

T. Cl 8 A, 

1 g 8 A 

Fi.B, V .. .. .. 


(ifo 

•17 

(Hi 

(iS 

No. rno, F, 

( 

1 

(i 1 flail (.S, N, 1 
L C? 8 A ( 

7:n 

i,70:l 

8711 

'Total 




1,7US 

1M7 

Ciikulafml f :2 : 1 .. 


' 0 pliints 1 

La.sa j' 

.s'S'0*r;i .> 

2,S:>4 

r/lSl'5 ; 

.S'8'0*(“.7 



(> plants 1 






. 1 g ^ A J 





A'.ii.~-Unpi»inpntcd groups, occurring in cortuin of (lie aliovo families, Jmve iioen 
disregarded. 


Tlie above results are quite definite in showing repulsion lietween pnrple 
lining and glumes coupled on the one hand and purph sfigma and axil coupled 
on the other. The exact nature of the repulsion, however, is not evident ; 
thus either L, or G, or the L G combination, may repel eitlu'r iS. o!' A. or Hk* 
vS A combination. Some light is thrown on this jinint by anotlu'r gi'on]» of 
families arising from a naturally occurring heterozygote. This ] ilaut, No. 1 oik 
was a rogue with purple-lined internode and purple glumes in a, varii'ty, IJalwa, 
with green internode and glumes. was not conuti'd hut it- was nott'd that 
segregation was taking place for puiqile lining and glumes, whiKi, wen* coupled, 
and that purple axil was pure. The stigma was not examiiu'd hut from the 
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results given by Fg it must have been segregating. Pigmented u,]ul 
iinpigmentecl plants occurred in the ratio o ; 1 in Fg ; in F3 and F.^ some iamiiies 
were pure and others impure for pigmentation. ‘ All uningmented plants are 
disregarded in the following description. 

The original rogue, referred to as Fj, must have been of the constitutioir 
L 1 G g S s A Ar—i.e., the same as those described above with the exception oI 
the pure purple axil. The results from F3 and F4, given in Table XIV below, 
show the same behaviour of the segregating factors. L and G are coupled 
in all but a few rare individuals, and repulsion takes place between LG and S. 

As noted the stigma was not examined in F^ but its nature in the Fo 
parents selected can be deduced with certainty from their behaviour in F;j. 
The general behaviour of the whole group, neglecting unpigmented plants, was 
as follows 

6 I2 i)lants LGsA type bred true in 2,486 individuals. 

‘ 7 F3 „ „ „ ,, 6,945 

6 F2 „ IgSA „ „ 2,916 

5 Fa „ „ „ 5^988 ,, 

6 1^2 ,, LGSA „ gave : 2; iratio * j 

11 F3 „ ,, I see Table XI Y. 

Table XI V. 


Origin of parent 

Eeforence No. 

I L G s A 

LGSA 

IgSA 


r 553-N 

1 104 

227 

97 

ulau LgtiA, 

1 


667-N 

98 

214 

108 




560-N 

136 

268 

156 



No. 163, N, F.-. 







oOS^N 

49 

90 

48 

„ LgSA, 

2 


570-N 

132 

260 

125 




571-N 

^ 102 

173 

116 



. .. 

j 1 1 plants, N, 1 

1 2,016 

! 

4,301 1 

2,279 

[LgS A, 

3 


1 L G S A j 


4 

Total .. 


I 2,630 

5,529 1 

2,929 



Calculated 1 : 2 : 1 


2,773-,5 ; 

5,547 

2,773-5 



No. 190,. F, 

614-N 

197 

399 

221 

aho 1 G 8 A, 

1 

No, 614, N, F,, 

f 8 itlante, N, 1 
\ L G S A / 

1,471 

2,960 

1,504 

fi a 8 A, 

” [J^!/8A, 

0 

Total . . . . _ 


1,668 

3,359 

1,725 



Calculated 1 ; 2 : 1 | 


1.6SS 

3,376 

2.6SS 
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The second half of Tahiti XJV shows exactly .similar restilt.s olhiained in u. 
totally uut‘eJat<‘d group. The composition of No. 11)0, K;;* was not ju'ieoria.iiied 
except that it was giving a : 7 ratio of piffniniJcd : an pitjmcntcd plauls.. iu 
whicli conutixiou it has already l>eeu considered. 

To return to the Diduht ci’o.s,Sj two h\> plants of the L (oS A type prtjve.d ( o 
be of the constitution LLll g S.s A A, These jiiay have be<m cross(iK, as the 
Fi parent was not selfed, or they may have been diu' to failure of miiipliug of 
L and G. Tlieii’ exact origin is immaterial to 1 ,]u‘ pix'scuit eousidcratii»n. 
rn'r., lepuision between G and S where both L and A are pure. 

The resttlt.s given in F 3 and F 4 arc shown iu Table XV. 

Table XV. ■ 


Origin of pai'iiiifc 

I’ol'orouiM' No, 

1,(( !l ,\ 

(, ( J N 

Li^SA 


I of it} N 

7:j 

lila 

sa 

'i ui'o.sso.'i hi Nu. 15;} -N, .l'\j 

lo77..N 

77 

y;i(i 

ill 

No. olili -N, K, . . 

j .‘i pljUlO!, N. 1 
'( L(;SA J 

«“7 


7, 17 

No. 377 -N. K, .. .. .. 

f a piiiiitfi. N, 1 
\ L (( S A ( 

1 , 0 1 s 


l.l-’iy 

Tul-ul . , 


1 ,<»<(.•( 

■LLiai 

y.iiey 

( 'nlriil ili.ii t ; ‘‘ : 1 , , 


.y.o,v7 

; -LI 71 

; ‘-'.Os; 


No ex[>lanation can be offered bn- tli(‘ wid(‘ divergence of No, oTT-N 
from the ordinary ralio, but it has been disreganled in view of the fiu;t tiuit 
(he F 4 families show only a slight tendency to such divergeiuau The. ligures, 
on the wlnde, undoubtedly represent the ordinary I : 2 : 1 ratio, showing 
simple repulsion between G and S, \vi(:.h no conijilicalitm due to (ioupling, 

A. similar example of simple repulsion, but. (his (iiia* h(‘twiM‘u L and 8 . 
wa.s furnished by an aberrant plant of the Lg 8 A type arising from No. 5(J8”N 
of Table XIV. The constitution of this plant appears to hu\'e been L 1 g g S s 
A A and simple repulsion between L and 8 i-esulted in ( he usual 1 : 2 : I 
ratio (Table XVl). 


Table XVI. 


Origin (jf paront 

Rofcnnieo 
, No. 

h g ,s A 

1 g .s A 

1 g- K A 

No. 51)8-N, lA, .. . ..' 

Vukitlukii 1 ; 2 : 1 . , j 

vS2U-™N 

’ 4,7 i 

i 

87 

,• !)1 

4M 
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The results so far obtaiued show the following types of repulsion : — ^ 

LG repels BA 

LG „ S 

G „ S 

L „ S 

Altogether over 60,000 plants have been examined with respect to the 
above types of repulsion and no example of incomplete repulsion has been 
recorded. It follows that the repulsion is at the least of an extremely high 
degree. - . . . 

With regard to the coupling of purple stigma and purple axil the families 
showing segregation for both factors include about 34,000 plants but no failure 
of this coupling has been noted. This indicates that it is either complete or 
of a very high degree. 

In this connexion it may be noted that purple stigma and axil are very 
commonly found associated with a purple tip to the inner glumes. This is a 
very well marked character (Plate IV, B, 23) quite distinct from the purple 
glumes already described. The above three characters are characteristic 
of a large number of varieties and there is evidence that they are also present 
in certain unpigmented varieties where the lack of a pigmentation factor 
prevents their appearance. 

It is highly probable that the purple tip is coupled with the other two 
but no undoubted case has been noted. In the presence of purple glumes the 
tip cannot be determined ; thus the cross B, 1 x B, 23 may have been either 
pure or impure for this factor. In the resulting families all plants with green 
internode and glumes possessed purple tqDs, showing that, if it was impure 
in. the cross, this factor also was concerned in the reduplication already 
described. 

It was at first thought that purple tip and stigma might be due to a single 
factor, since they invariably occurred together, hut a few rare cases have now 
been found of purple tip associated with white stigma and vice versa. 

{i) Ripening black character oe inner glumes. 

In this character a black pigment appears in the inner glumes at the time 
when the fully developed grain begins to ripen. In one or two days the glumes 
become almost entirely black, with a slight brownish tinge, and the colour 
then fades considerably so that the grain, when dead ripe, has a dull smoky 
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iippaaiauce. Tlic cliaiige takes place so raj)idly that it is common to liud 
faded smoky grains at tlie tips of the panicle before tlie lowest grains bave 
developed tke colour. 

Plate III, figs. 1 and 2, show grains ripening black compared with others, 
from the same segregating famityj ripening to the ordinary straiv colour. 

The results obtained show considerable complication and are not yet 
fully worked out. There is no doubt that two factors are concerned in the 
production of the black jugment and that segregating families may show’- 
blade : slmto ratios of 3 : 1 ox 9 : 7 according as the parent is heterozygous for 
one or both of these factors. 

Table XVII shows both ratios appearing in a group of hh families derived 
from an F 3 giving a 0 : 7 ratio. 


Table XVII. 


Origin of parent) 

Reference No. 

Black 

Straw 

Ilatio 

No. lo3-N, P.J, not counted 

o(M-N 

:};m 

800 

1) : S-l 



f 8i:i-N 

'.m 

8(i 




817-N 

. 525 ' 

1.58 

1) : 2'7 

No. 5C(t-N,r« 


sir>^N 

24(5 

107 

!) : 7-;^ 



SKV-N 

220 

107 

1) .* (I'S 



818-N 

80!) 

28(1 

a ; S-l 


There is little doubt that Nos. 813-N and 817-N represent o : 1 ratios, 
though the former is not a very near ajjproximatiou, and that the other fainiiies 
represent 9 : 7 ratios. 

The above families were pure for the absence of purple-lined intern odes, 
'.riiey Averc segregating for a purple pigmentation factor which, however, did 
not aliect the segregation for ripening black. In certain familie.s, oit the ol.her 
hand, wJiich were also segregating for purple lining in the ijuternode, (.lierci was 
clear indication of gametic reduplication. It wms not until imicli, nia(.(‘i’ial liad 
been destroyed, after making simple counts of black and draa\ that this 
reduplication was noted, hence the internode character w'as not detemiiin'd 
in many cases. 

Table XVIII gives the figures for ceihain families segregating Joi' [miple 
lining in addition to of the ripening black factors. 
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Table XVIII. 


1 Reference No. 

PL. Internode 

Q. Internode 

Total 

Black 

Straw 

Black 

Straw 

Black 

Straw 

825-N 

189 

83 

88 

3 

277 

86 

Sol-N 

673 

339 

348 

10 

1,021 

349 

S49-N 


695 


6 

524 

177 

Total 


3,415 


19 

1,822 

612 

'Partial repulsion, 

3 : 1 type 


2,333 


3S 



Partial repulsion, 

7 : 1 type 


2,424-5 


!)-5 





Calculated 3:1 


1,S25''5 i 

r 30S‘5 


Tlie right side of the table shows that, in each family, the sim^^le ratio of 
hlacli : straw is d : due to segregation for a single factor. The figures on the 
left clearly nulicate partial reimlsion between this factor and the prarple lining 
factor. Unfortunately i]i No. 84-9-N the full figures are not available since 
only the straio plants were examined with regard to internode. It is obvious, 
however, that in all three families tlie repiilsioii was apj)roximately of the 
same degree. 

The degree of repulsion is of interest since, as seen by the calculated 
figures, it is definitely intermediate between the two recognized reduplication 
ratios — S : 1 and 7:1.^ 

When both ripening black factors are segregating it appears that both 
are subject to partial reinilsion by the lining factor. The few families for 
which figures are available show considera,ble irregularity in their ratios, 
suggesting varying degrees of repulsion, but further results are necessary before 
a definite statement to this effect can be made. 

ii: is of iuterest to notice that where both ripening black factors are subject 
1(1 kills inu'lial rejiulsion they come together oftener than would otherwise 
}»e llie tiiisr and, ordinary ft ratio is upset. This explains certain 
irngidii*' Its that li.ail lieeu very puzzling before, the cause was known. 
Tluis li'oiii a lauiily giving a h/ue/i- ; raiiti of 0 : S‘S further generations 
<.>;a\*‘a mixlauaj ol (Infinite ■"> : 1 ratios together with others varying from 

rio'c's liuiiilti.'s of ;i, Ui(.( i' (0.011 have given, about the waivio degree of repulsiou.. 
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9 : to 9 : 9-4. Both factor^! must have been segregating In the original 

9 : 3-S family ujul the very wide deviation from a 9 : 7 ratio was no doubt 
due to t]i.e re])ulMiou of both factors as already described. 

Eleven families, comprising 7,617 plants, have given such abnormal ratios, 
ranging from 9 : S'S to 9 : 6'*,/. These may be compared \vi':h the following 
ratios calculated on the assumption that both factors are repelled to the 
same degree : — 




BlacTc Straw 

3 

1 farlial repuhion gives 

9 

6-00 

7 . 

■ J » 

9 

4‘79 

15 . 

' d 

9 : 3'95 


This partial repulsion of ripening black factors may be compared with the 
total repulsion, already d(‘scribed, of purjile stigma and axil by the same 
iuterinxle lining factor. It is of interest, in connexion with theories regarding 
gametic reduplication in general, that, in certain cases, total repulsion 
between purple lining and purple stigma was recorded in the same families as 
were giving the partial repulsion described above. 

{j) Bed -RICE. 

In the process of husking the inner glumes are removed from the faddy 
leaving the rice grain f]‘ee. The colour of this iinpolislied rice varies in different 
varieties from clear wliite, through various subdued shades of cream, yellow, 
reddish-brown, etc., to the deep red of ordinary red rice (Plate V, fig. 1). A 
still deeper shade, dark blackish -purple, also exists, but has been noted in only 
one or two varieties of which crosses have not yet been examined. 

The colour is contained entirely in the pericarp which is largely removed 
in the process of polishing to whicli the rice is submitted before being cooked. 
Red rice is generally disliked as the polished rice still possesses streaks of red 
colour in the furrows unless it is very thoroughly polished, in which case the 
loss of weight and labour entailed are considerable. 

Many families segregating for the ordinary full-red colour iiave been 
examined and, witii the exception of a few cases to be considered later, this 
character has proved to be a simple dominant, due to the presence of a singhi 
factor, irrespective of any lighter colouring that may be present. 

The figures given in Table XIX indicate a very definite o • ^ I'afio ni full- 
red to light colour. 
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Table XIX. 
Red fice. 3 : 1 ratio. 



iiora MiinUhaijna .UhaiU 

y,u, v., , . 

Naturalcnjsso.^*, Fj & F 
'J’otal 
iJalcuhitiid 

J u the individual families shown in the above table the light colour groups 
^\ele all white since the parents, Sadai Samba and Boru Miiruthagna Bhatta 
^VJ>l'e wliite and red respectively. In the twenty-two families shown together , 

the light cidour groups varied, In some cases the group was uniform, either «'• - ^ 

wliite or some definitely light shade, of red or brown, whereas in other cases * 

two or iiu,)re types were present in the same group. In all cases they were ipiy 
d.(‘ ti I litely distinct from the /<dZ-fed group. d s - <. 

A similar simple S : 1 ratio of red: white rice has beeu recorded'*’ by 
Hector', M(,t.lverral‘h Thompskme'h and 'Van der Stokh i’CC 

111 certain except ioiial cases a definite departure from this simple ratio 
was obtained. sc v ■ 

Two natural crosses possessing red rice gave three definite groups in Fo, 
r/:.. grcg-hrown, and while. The greij-hrown, type of colouring was 

:i di.'t iui't. type which, did not occur in any of the families of Table XIX. The 
pjouud eoloiir was a dull light giey and over this a distinct browm appeared in 
li ,,cat i ered spots giving 1 he gruiu a dingy granular appearance as of white 
rubbed, with soil (Plate V, lig. 2). A definite brown line occurred fairly 
ciiii 4;»ut Iv on ihe vent ral edge of the grain. 


|fi .. 639 

r 1,003-N 
l,00t-N 
.. 1,008-N 

1,010-N 
1,012-N 
Twouty-two lots 


28o 

1 111 

i 

wfiUe 

1,203 

413 

do. 

1,263 

398 

do. 

946 

338 

do. 

798 

244 

do. 

L044 

392 

do. 

6,180 

2,023 

varying 

11,719 

3,919 



U,72iS'.5 : 3,m>9-5 


* lircl.itf. I’., I.C., p. 8. 

- AieKi-ri'iil, A., U‘„ p. 326. 

•* 'riiuiiip.stono, E., p, 4a. 

■I \ :ui dvv 8tok,, J, li., l.r.., p. 47. 
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'hihk XX givey the results obtained in these families with further genera- 
tions from red-riced ijarents only as no grey-browns were carried forward 

; Table XX. ' i 

Rice colmr. 


Origin of jjarent 


Reference No. 



f 822-N 

574 

20(5 

243 

Natural crosses . . 






1^ 153-N 

72 

1(5 



553-N 

.315 

109 

(57 


r)5(i-N 

4(54 

184 

1.50 

No. 153-N, F 






562-N 


81 

72 


577-N 

340 

107 

82 


[ S5r-N 

0.50 

210 

:{29 

No. r>77-N,F„ .. 

1 

1 S6r,-N 

730 

224 

189 

Total 


3,423 

i,i.37 

1,1.53 




2,1 

90 

Cakulalcd i) : 3 :4 . . 


3,213 

1,071 ; 

1,423 

„ 0:7 .. 


3,213 : 

2,490 

No. ir)3-N,Fi .. 

.5t)9-N 

074 

234 



' 855-N 

nos 

337 



S58-N 

1,018 

331 



85<.)-N 

1,313 

2(50 


No. (577-N, F,, .. .. 






S(50-N 

813 

348 



B61-N 

005 

335 



S(>2-N 

843 

289 


Total 


0,474 

2,140 


CMctitaied 3 : J 


f;,4.G0-5 

2,155-3 



Full-red 


Grey-brown Wliito 


’>'■ To nearest to'hdle figiire. 

Ill the upper half of the table, where all three groups are present, till tiie 
families, in spite of some irregularity, show a definite tendency to a 0 : 7 ratio 
iyl fvll-red : grey'hrown+wJ0^ the totals approximate fairly nearly to 
this ratio. In the lower half, where white is absent, the ratio ; (/rei/- 

f/jwen is undoubtedly 5 : .7, 
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It would seem from this that iu these families the production of full -red 
i.s due to the simultaneous presence of two factors, one of which, by itself, 
[-iroduces the grey-brown type. In this case the three groups should show 
a 0 : o : 4 ratio but tlie actual figures obtained are not very near to this. The 
ratio of grey-brown to toldte varies considerably in the different families and 
for this reason it is hardly legitimate to total them together.* 

A red-riced plant. No. 617-N, from an F 2 family that was segregating but 
not counted, gave in full-red 949 : ichite 753, a very definite 9 : T ratio. 
Twenty-four segregating F 4 families showed an extraordinary range of ratios, 
mostly varying from 9 : SS — 9 : 5’9 but with a few approximating to 9 : 7. 
These ratios recall strongly the set of similarly varjdng ratios obtained in 
connexion with the ripening black character, where there was evidence that 
it was due to partial repulsion of the two determining factors by another 
factor. It appears highly probable that the present case is due to a similar 
phenomenon. 

Two plants in No. 617-N possessed slight reddish rice, quite distinct from 
the full-reds, and proved to be natural crosses since their progeny contained 
golden-glumed plants though this character was absent from the original 
family. When the rice of these two famihes was examined it was found to 
vary from definite slight reddish to pure white. This variatioii was so gradual, 
as is usual in families segregating for this type of colouring, that definite groups 
could not be separated, but in both cases all plants witlr golden glumes 
possessed pure white lice. An exactly similar result was seen in a totally 
unrelated family arising from a similar cross in another group. There can be 
no doubt that in these three families some form of gametic reduplication was 
taking place in which the factor or factors determining light reddish rice were 
concerned. This fact supports the supposition that the varying ratios of the 
families derived from No. 617 were due to gametic reduplication. 

The whole question will be carefully followed up, using selfed seed only 
and noting all segregating characters in connexion "with rice-colour. Attempts 
will also be made to produce red-riced plants by crossing white and grey-brown, 
in the case of the 153 group, and different white plants in the 617 group. Should 
both the above types of 9 : 7 ratio be confirmed it would follow' that red rice may 
be due to the simultaneous j^resence of two factors of which at least one may 
vary. 

With regard to the various light shades of red, brown, etc., it has proved 
very diflficult to obtain definite results. Many families undoubtedly showing 

* T’l light of lator oviclenoo, see Postscript, this view is prob.ably incorrect. [F. R. P.] 
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so.grogation have l) 0 .en examined, but, with only one exception, it lias been 
impossible to separate them into distinct groups without all vstages of intei.’- 
mediates. 

The exceptional family resulted from a naturally occurring hel;erozygi)us 
plant, No. 102, with light reddish-brown rice (Plate V, fig. 4). In hb tlio same 
tyjie appeared together witli pure white. The groups, which were absolutely 
distinct, showed the ratio light reddish-hrown 109 : white 42, presumably reiu’e- 
senting a 3 : 1 ratio indicating the simple dominance of this character. 

COIMBATOEE, | _ 

Fehrumij \i, 1917. J 

POSTSCRIPT. 

Since this paper was written a careful examination lias Ixam miub' of 
a later crop comprising a number of F.j families from No, 55.2, hb of Tabli' X\. 
When the character of the rice was noted in conjnnct.ion with otlu'r segregating 
characters it was seen that all red-riced plants were 'I'^iryle-'jdgniented whereas 
all plants with grey-brawn rice were ’iw}>igment('d. 

Table XXI gives the numbers for five familu's showing segregation for 
both pigmentation and rice colour. It v ill be set n that a very tlelinite 
.9 ; 3 : 3 : 1 ratio results from a 3 : 1 ratio of 'pigtncnlrd : nnpigmntlrd, together 
with a 3 : 1 ratio of red : while in the former group and of grey-brown : 
white in the latter group. 


Table XXL 


i 

Origin of })art'ut) 

Referonco No. 

• 

PirnpLK- 

PIGMKNTED j 

ITspiomi 

;N’rEi) 

Rod rieo 

WhiO' rioo ! 

1 tlniy-hrown 

1 rice 

Whim ri.".' 



r 775.N . 

612 

220 

226 

53 



776-N 

400 

131 

130 

46 

No. oo3-N, F, 


777-N 

391 

147 

116 

•■13 



781-N 

682 

220 

235 

68 



782-N 

. m 

1,35 

116 

50 

Total 



2,53.5 

H.53 

85.3 

260 

Oahiilnted 0 : o ; ,3 .* 1 



S,53S , 

; SM : 

■S// 

.287 
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Other families from the same i>arent gave a simple 3 : 1 ratio of 'pif/monMJ, 
red fire : mvpigmented, grey-hroiun rice and further analysis of some of the 
families given in the second half of Table XX shows that the same occurred 
there. ■ 

The most sunple and probable explanation of this is that a single red rice 
factor is concerned, and that this is only able to produce the full-red colour in 
the presence of the particular purple pigmentation factor that is segregating 
in this group ; in the absence of this pigmentation factor the red rice factor 
gives grey-brown. 

The existence of unpigmented varieties with red rice would be explained 
on the assumption that they lack the other of the two pigmentation factors 
which have already been shown to exist. If this theory is correct crosses 
betw^^en impigmented red-riced varieties and the above grey -brown type 
should give a pigmented red-riced F|, and F 2 should show segregation for both 
pigmentation factors. This will Be tested in due course. 

It was found that, owing to the rice-colour not developing properly till 
the grain is dead ripe, it was better to note this character in the field, leaving 
each plant till it was absolutely definite, rather than to take one head from 
each plant when the crop was ripe. The latter method no doubt accounts for 
much of the irregularity of the numbers in Table XX, 
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PLATE I. 


PIiMoffraph qf iUfe Grains. 

1 Long Out, or fSlumos, “ Rakki Pakslu Bhatta 
2-fi Bkort ditto. 

(Idonrs of Inmr (Glmnes. 

2 Orceii, ripening straw, Poombalai.” 

t>, Dark Cold, “ Bonkambi Samlia.” 

4 Darlc Furrows, “ Sbiyali Kar.” 

5 Piebald Gold, “ Ganidan Samba.” 

(i Piel).ald Dark Furrows, “ Manawari.” 
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BY 

;p J. F. SHAW, D. Sc. (Lond.), A.E.C.S., F.L.S., 

Second hn'perinl Mycologist. 

(Received for publication on 21st IMai’cli, 11)17.) 

I. SYSTEMATIC. 

Ty vieiY of the fact that tokras ’’ are so wide.spread in Bihar, and occur 
on so many different, Jiost.s, the present research was commenced to investigate 
tile biology of these parasites and in tiie hope of discovering whether any 
metliod could be devised to lessen the damage which they cause. 

As is well known the parasitic .species of Orohancdie, known locally as 
tokras, are small yellow plants from inches high with bluish flowers, 
The stems are thick and succulent and tlie leaves are reduced to small scales, 
as is usual in ]ilants o:t. this habit. A very brief experience of this parasite 
in tlie field is .suificient to convince one that there are at least two species, 
which are common in Bihar. Hooker^ describes eleven .species in India, of 
which the greater number occur in the Himalaya and only three appear to 
be common in the plains ; tliese are 0. indica Ham., 0. cernua Loaffl,, and 
0. NiwlimicB Wight, the last named is stated to be a common and de.striictive 
pest oi tobacco in the Deccan, while 0. indimh said to be especially common 
in mustard tli rough out the plains of India. Prain^ mentions two species, 
0. imhm Ham. and 0. eermia Lceffl., as being present in Bihar ; he states that 
0. cei'iina is rare, and occurs on Bmssieas, and that 0. indica is the common 
pe,st of mustard, tobacco, Bmssieas, etc. The presence of two bracteoles to 
each flower, and th,e fact that in 0. indica the flowers are larger and not so 
closely crowded together as in 0. cernua, are the distinguishing cliaracter.s 
between the two species (Plate I. (igs. 1 and 2 ; Plate 11, fig, 3.). 

Ihe I'esnlts of the observations recorded in the pre.sent paper differ 
somew'hat from tJie facts given by Praia, and coincide more nearly with 

^ il'ookor, Flora of British Indill, \'o[, IV', 1S8;1 
® Prain, Bengal Plants, 1903, 
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tixe si-utomeiitB of Hooker. The two species of Orohmiche in, ’i-iiliiir jire :i,;s 
follows “ 

(1) 0. Ham. Flowers with two bracteolcs, (uijyx foiir -Tiii'nly (ivi>- 
toothed, divided to the base posteriorly, entire anteriorly, spikes loose flowered, 
corolla large, blue, stem often branched. This form belongs to the section of 
the genus named Trionychon Wallr. and is probahly ident-ical with 0. legypliava- 
Pers. {vide Beck von Mannagetta^), and very closely related to, if not identical 
with, 0. mmosah,^ ; this latter name is given by Massce'^ as that of a. species 
wliich is parasitic upon tomato in England. In Bihar 0, indica is the. foian 
\yhifth is the common and destructive parasite of mustard, cabbages, turni])s, 
(tc. It occurs on tobacco and tomato but does not appear to be, a.s a generel 
rule, as s(uioiis a parasite of solanaceons crops as is 0. eernim. 

(2) 0. cernua, Lmffl. Bracteoles not present, calyx di\’ided to the biist' 
l)osteriorly and anteriorly, lobes of the calyx bifid, spikes dens(\, corolla sma.ll<‘r 
and paler in colour than in 0. indica^ stem usua% nnbranched and thicker 
than in 0. indica, frequently showing fasciation. This species belongs to the 
section Os'proleon Wallr. of the genus, Orohanclie, and is statanl by Be(jk vim 
Mannagetta to be identical with 0. Nicotiance Wight. Hof)ker, lunvover, 
divstinguishes between Ihese two species and states that 0. Nicoticmai diil'ers 
from 0. cernua in the fact that the bract in the former is as long as the (iorolla 
tube and the lobes of the calyx are entire, and not divided. Brain makes no 
mention of the species O.Nicotiancc, which, according to Hooker, is restriotcxl to 
the Deccan, and we have not seen any undoubted specimons allhough sonu‘ 
specimens of 0. cernua have closely approached to it when the lobes of the 
calyx wore only slightly divided and ihe bract was rath<u’ larger than usual. 

Tire, species 0. cernua is the common parasite of solanaceons crofts in 
Bihar but does not appear to attack CmcifercB {cf. Brain), only in Eoni' 
specimens were plants of 0. cernua found on mustard. The parasitism of this 
species is therefore more restricted than is that of 0. indica, which, whih^ being 
a serious parasite on Cruciferce, does occur to a certain extent on Solanncca), 
The life-histories of the two species appear to be identical, the “tokras” 
appearing a few weeks after the host crop is well established and rising to fiow(U' 
.and fruit along with it. On mustard 0. indica is sometimes a good deal (‘urlier 
than on other crops, flowering from the beginning of December to the beginning 
of February, while 0. cernua on tobacco is distmctly later, but th.o.!‘(i is a. good 

Bock YOU Miinua^oUn,, G. R., “ Monogi-aplue der gattimg Oi'rihfuicln',’' liihliolh. TUilmi. 

10. OaHW‘1, KSOU. 

® Ilookor, p. I}2(5 loe, page 107, 

3 MaKSco, (1., of Onltmitnl Plants and frees, 1910, 
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deal of variation in this niatter from one season to another. Both species rely 
ou the production of countless millioiis of mimite seeds for their dissemination 
and perenuation. These seeds are present all over the cnitivated lands ot: 
Bihar, their number and minute size being extremely favourable to their 
dispersal in the strong winds which often prevail in Februaiy and March when 
the fruits of Orobanche are ripe. 

The universal distribution of this parasite and the severity of the damage 
caused to a valuable crop, such as tobacco, make any practical remedial 
measures an important factor in Bihar agriculture. The field experiments 
described in this paper were devised with a view to testing whether the claim, 
which had recently been advanced, that Chili saltpetre (sodium nitrate) was a 
specific against t okras ” was founded upon fact. 

II. HELD EXPEBIM, ENTS. 

(1) PusA— Season 1914-15. 

A piece of land in the kitchen garden which had been under vegetables 
(cabbage, cauliflower, potatoes) for some years, and was known to be badly 
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A 

SodiiunnUrate lOIhs. 

1 

B 



G 


D 

Sodiiurn^nii^'aie 8 lbs. 
Superphosphate 5 lbs. 



E 


F 

S lip ei 'pfiosphateS Ihs 




Text-figure 1. 
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infected with ‘‘ was selected for experimental work. Tliis jiivai was 
divided up into six equal plots (A, B, 0, T), K, F), ea-ch, alnuit . „t1i, iicri', and 
idiemical manures were applied as indicated on the [dan (l\r.vt”(i,Lnri‘e i). 

On the Gill October, 1914, 1 lie manure wais spread ev('nly on tin' surlace 
of the. soil and mixed wdth the soil wdth a khiirpi, a light beam harrow was then 
run over the surface. Tobacco {Nicotimin tahamm) was jilanted out in all tlie 
plots during the following fortnight. 

In spite of the fact that the land was known to be badl v infected with, 
'‘tokra,” a fair crop of tobacco was obtained and there -were very few' 
‘‘ tokras.’* Both 0. indicasuM 0. cernua occurred, but their incidence did not 
appear to be in any way affected by the application of tha manures. The. 
total number of tokras” in the tobacco was about tw'enty, altlnuigh in the 
previous year when the land was under cabbages tlnw wuua' to be counted by 
the tliousand. Tlie “ tokras ” whieli oounirred on the calibages w’rre, of rionrse, 
0. mdica, the common “tokra ” of Brassiem, and the explunni ion of 1h<‘ 
relative imnumity of the tobacco, during this first season, seemu'd to b(' that 
this species w-as not a serious parasite of tobacco. This ftoinci<Ie(l wii.h olisorv- 
ations in the fields round Biisa w4iere. although 0. cerunn usually prevailed on 
the tobacco, a certain amount of 0. wdmt could mairly always be found. 

(2) Btjsa-Beason 1915-1(1. 

The same land was placed under tobacco, mustard and cabbage as indi- 
cated in the Text-figure 2. (See p. 111.) 

{a) Tohacoo, The two northern plots (A and B) w^ere phiiuted w'^itli tobacco 
{N. tnhacum) ; each plot contained 18 row'^s with 10 plants in each row’". Of 
the two plots under tohacco tlie one on the western side (A) was manured 
with sodium nitrate. Instead, how^ever, of mixing the nitrate witli the soil 
liefore planting out, the manure was dissolved in wvater and given to each ]>lant 
in solution. Each tobacco plant received 1 oz, of sodium niti’ate, given in 
three doses at intervals of 7 clays, during the later portion of Novemlier ; in 
all about 18 lb. of sodium nitrate was distributed among 288 tobacco ])laiits 
in an area of -sV^h acre. This wmrks out at a rate of aliout 8 cvvt. ])or acre. 
The first '' tokra ” appeared in the iinmantired ])lot in Doceniher, but ])y the 
middle of January plants w^ere appeai'ing in both, plots. The toba{;(!o was 
cut on March 13t.h and the amount of ‘‘tokra” counivd with tlu; following 
results 

Nnmhorof Number of .Number of 
folia c (‘0 pliiiits 0, intUai O. cernun 

288 70 185 

288 2 1,150 


Manured (A) 
Unmanured (B) 


Tobacco . 


These figures bring out several facts : — 

(1) The total amount of “tokra” in the second year was very much 

greater than in the first, the increase being ijarticularly marked in 
0. cenuuL which constituted 94 per cent, of the total number of 
‘‘tokras” present. 

(2) The bulk of the 0. imUca was concentrated in the manured plot and 

the biiUi of the 0, cernua in the unmanured plot ; in the latter case 
the bulk of the 0. cernua was on the eastern edge. 

(3) The total amount of 0. indica was very much less than was known 

to be in the soil but showed a substantial increase on the amount 
present in the previous years. 

(4) The amount of “tokra ” in the majuircd plot was only about one-fifth 

of that in the uuinamired plot, 

N. 


Sodimnnitrate 18 lbs. 


D 

5 0 duiinnitrate 10 lbs . 


J’ SoduuThmiratelSlbs 


Text-figure 2. 

With regard to the increase in the total amount of fcokra,’’ this increase 
is really larger than appears from the figures since the area under tobacco in 
the second year was only one-third of that under tobacco in the first year, the 
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I'craaitiiug plots being used for niustai'd and (jabbagc, Tliis in(!i:(^j»sc oojislstmg 
as it does pi'iacipaily of 0. cfiTOUrt is to be attributcc! to the si'ods Ircnu Iasi, 
year’s ‘‘tokras,” wkieh fell into the soil as the fruits ripeiu'fl and g(>.nniua.i<M'! 
uexl3 season Avith the second crop. 

Although it. was evident, from an inspection of the munbers of “ tokras” 
in the. neighbouring plots of mustard and cabbage, that large, quantities of Idie 
seed of 0. indiea were in the soil yet in proportion very few plants of 0. indica 
occurred in the , tobacco. This bears out the conclusion of the previous sea, sou 
that this species is not normally a heavy parasite of tobacco. Yet a field of 
tobacco was found near Pusa in which the crop had been very severely damaged 
by 0. indica — ^libere ])eing hardly any 0. cemiia present. Tdiese facts must ])e 
coji.sidcrod later wlien describing the results of the pot (iulturcs. 

Tlie fact that the bulk of the 0. cernua was in one corner of the unnuuuu’ed 
plot, and the bulk of the 0. indica was scattered over tlu^ ma.nured plot, cuniiot 
blit suggest tliat the (higrce, of local infection in a [)articular field is a, V(M'y 
potent factor ill the number and distribution of tlu', “(okijis” wkitdi appear 
and that the differences between the two plots in tJiis experiment might be diu' 
to some factor other than iJie application of nitrate. 

(b) Mustard {Bmssica campestris var. glmica). Of the two plots under 
mustard that on the east (Plot D), received 10 lb. of sodium nitrate scatter ( hI 
on the surface and mixed with the soil immediately before sowing. The 
germination was good and the crop came into flower on 2*J.lih Noyembei'. 
i.he first “ tokra” showing above the surface al)oiit the same time in botJi 
the manured ujid Ihe munauured plot. From the end of Novemlxrr onwai’ds 
there was a steady appearairce of “ tokra,” all of which was 0. indica. On 
February Pith tihe mustard was cut and the number of mustard plants and 
“tokras” in each plot was counted, the results were as follows :~- 

Nuuibor of muistiivrd plants JMumbofof 0. indica 

Manured (B) . . 1,949 2,012 

IJnmaniired (0) • • 1,634 3,070 

The weight of the mustard cut from each plot amoimted to aljout 81 
maiinds. From the above figures it cannot be contended that tine so<lium 
nitrate had any very marked effect on tho appearance of the “tokms,” while 
the number of ‘M'.oki’as” which came, up showed that tlnlr non-apptiiira.nce 
in the previous season, when the plots were under tobacco, was Jiot due 
to lack of infection in tlie soil but rather to lack of a suitabl(>. li,ost. 

(c) Cabbage {Bmssicn oleraeea). Cabbage s<5odliugs w(W(i pLint.ed out 
in two of the plots towards the end of November. There wen' 200 seedlings 



Cahhage ZOZ 
0. indiea'3374 


G 

Mmtmxl 1634, 
O.indiai’ 3070 


in eacli plot- and one ])lot (E) received 18. | lb. of sodium nitrate. TJie 
.nitrate was given to tire plants in solution, each, plant receiving a, bout 
1"4 oz., in three doses a.t intervals of six days. The cabbages grew well 
and there was a steady appearance of ‘^tokra.” In March the crop was 
counbed and the figures were — 

H^umber of cabbages Number of 0. indica 

Manured (E) . . 202 3,3T4 

Unma,uured (E) .. 200 3,323 

Sodium, nitrate did not have any effect on the t;oki’a.’' 

The following Text-figure 3 is a diagrammatic summary of the second 
year’s experiments • 


Tobacco 2S8. 
O.Muiica 70. 
0.ca”¥iua38S . 
SodiuiThmtrate Wlhs 


D 

M iistard 1949 . 
O.ifxdCca ZOIZ . 
Sodiiunrdtrate !0 lbs . 


Sodiian mtrate iSlbs. 


Cabbage ZOO . 
0. incUca 33Z3 . 


Text-figure 3. 


(3) Pusa—Season 1916-17. 

Tlie same plots were placed under tobacco, mustard and cabbage as in 
the previous season. 

{a) lohacco. Of the two tobacco plots, that which had not received any 
nitrate in the previous season, 1916-16 (Plot B), had contained the larger 


Tobacco 288. 
0. indica Z . 
0. cernua 856. 
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(iLiaiitity of 0. iwrtia and the bulk of tliis bad bocii coiua'iijiiatrcd its a, sLi.‘i|) 
along l.Ju! oarfiorii odgn of tba [jIoI;. fit AjtriJ, .19 Id, alxnit I oz. of hi'oti of 
0. ccYiuia was oolicctotl from tliis and si;atl.orod along |,h(‘ uoi'fJiern side, of 
kijo otbei' iiht, for uhoat oiw4lml of. tho hivudih of iho ploi., a ligiit bnani was 
obon nm over tbo plot. In September, JUJO, liotJi plots wia,-e planted oiit, 'e Itb 
tobaouo ; there wei'o Id rows witb 10 plants in eaeli row, making a total of 
288 plants in each plot. Instead of manuring tJjo whole of o.ue jilot, the eastern 
half of the western plot (A) and the northern half of the eastern plot (il) 
received sodium nitrate. The nitrate was given in solution in three tloses, as 
in the previous year, and eadi plant manured received a total (d 1 oz. of 
nitrate. Thus in each manured area i) lb. of sodium idtrate was distributed 
among Idd tobacco plants. The scheme <»f tlie exjieriuieut in 11)10-17 is ' 
slio wn in irext-Jigure 4. 


Tnfeeled wifihsecd of- 
0. cernuaf April /d/6. 




Nitrate 


Nitrate 


Text-figure 4. 



4m 


The effect of the nitrate upon the tobacco wv.s oRpecially marked in tin- 
case of eastern plot (B). This plot in the experiments of the i\u> j)r<'vioHs 
seasons had not received any nitrate and the tobacco in the niiimired iialf 
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of this plot was distinctly greener and larger Mian in the remaining portion. 
This dilference was not observed in tlie western tobacco phft (A), wliicili luid 
been manured in the two previous seasons. 

Ihe tobacco was cut and the ‘'tokras” counted on 2iid March with the 


Manured 

Eastern 'plot (B). 

Number of 
tobacco plant.s 

144 

Number of 

0. indica 

5 

Number of 
0. ceniua 

2,192 

Qjimaniired 

... 144 

0 

4,015 

Manured 

Western plot (A), 

144 

1 

1,713 

Unmannred 

144 

4 

2,994 


It was interesting to observe that in the eastern plot (B), in both inamired 
nid iinma mired areas, the “tokra” was most plentiful in the eastern half, in 
which it had been the more abundant in the previous season. In the westerii 
plot it was most abundant in the northern portion of the plot wliich liad been 
infected with seed of 0. cermia in the previous April. The amount of 0. iniUcn 
in both plots w^as considerably less than in the previous season—a fact which 
will be found to apply to all the experiments in 1916*17. The amount of 
0. cernua, however, in each plot was very greatly increased. Thus last year 
plot (A) had only 185 0. cermia but this year it had 4,709. Tlje significance of 
these results in relation to the application of the nitrate will be considered, in 
conjunction with the results of other experiments, later. 

(b) Mustard. The two plots (C and B) were sown with mustard on October 
11th and 20 lb. of sodium nitrate Avas scattered on the western plot (C) oji 
October 30th, when the young plants were up. The crop greAv Avell but in 
both plots the ''- tokra” seemed to be later and less than in the preAuous 
season. The crop was cut on February 3rd and the figures Avere 



Woiglit of 

Number of mustard 

Number of 


mustard 

plants 

0. indica 

Manured (C) 

10| mds. 

3,763 

1,402 

Unmanured (D) 

71: „ 

4a09 

732 


These figures shoAv that the amount of 0, indica in Ijoth plots Avas A^ej'V 
inucL less in 1916-17 tJiaii iu the previous season. No reason cjaji be giAuui for 
tJiis. Comparing the two plots with one another in eaeJr season it i,s seen 
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thal, tlio woskim (0) always liatl the mowt “tokra ’’ .irrasix'.ctavf di wln'i.lu'r 
ir, luul mu'ivFcl soaiuni nitralio or Jiok (K v-ernua was not invsi'.ut. 

(c) Cahbatfc. ^Pbo sumo two idots (K and ¥). as in tJio .s^'asou ! 1 o- ! «i w.mv 
planted out with oabbages. Each plot ooutaiiiod 190 oabha^p,' seedliiips ;mi< 1 
each se.edliiif' in the western plot (E) received 1 oz. of sodium lutiate appluMi 
ill .solution in three doses. ITlie “tokras” were counted on 28th lf<'bniarv 
and the figures were : — 


Nimitw of cahbagof- NuinluT nl ft ukIhv 

196 592 

196 642 


Manured (E) 

IJnmanured (E) 

0. vcmua was not jirescnt at all. These results agree witii those ol' tin* 
previous sf’ason in tlie fact that the ipiaiitity of ‘‘ tokra. In the luanuied 
plot (hi) was .substantially the same as in the unman uml } dot (E)-- although 
the same, plot luul received the jutrates in two sticce.ssivo years. 'Plu' most 
sinking dilTeivnce is in the actual amount of 0. imbica ])res(mt iij the second 
season illative to wha(, was present in tlu'. fir.st, a compariwtii showing a, reduotion 
tVoiii about 11,600 to 660 in both plots. Tliis peculiarity lias already been 
raeutionod in the case of tJu', tobacco and mustard ai. ihisa and apjieurs also 
in that crop ai Birowlie. It is importauli to notice tha1. the <lecreas<' affects 
efpialiy manured and umuauured plots and is entirely independent of tilu‘ 
application of sodium ultra lie. 

Tobacco New Plot, During the season 1915-16, a plot (about one-tventietli 
acre) of tomatoes in the kitciien gai'dim was noticed to be suffering severfdy 
from both 0. cernua ainl 0. vndim. This plot was ploughed and hanoAved in 
May 1916 and after cultivation was planted out Avitli tobacco in October, ddn* 
tobacco Avas planted ni 8 rows or IK) plants in eacli roAV, the lines sehxited being 
those in Avhich the tomatoes had stood diu'ing the previous .sea.son, ilw e.orject 
position having been marked before taking up the tmna1,oe.s. fllje phit was 
then divided into four ecpiai areas (X, Y, Z, Y), and sodium niliate at 
the rate of 1 oz. per plant Avas .applied in solution to the soul h-easf.ern 
(X) and nortii -western quarters (Y) of the plot (Text-figure a, p. 117). 

Tokra appeared early in December and came ujj in large mauliers 
until the crop \A'as cut on 1st IVlarcli. The. amounts of ” tokra liresenf. 
Avere as fallows ; — 

NmiiiKM' of Nuiiifiorol O.a'iiinu 

(obficcio plaufc.'.^ 

Manured areas .. .. 66— -GO 2,999 (.X)- CS ) 

Unmamired areas .. GO — 60 7,956 (Z) 2.(i8;i (V) 
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Tlie distribution of these juimbers of “ tokras ” is shown on the plan 
(Text-figure 5), and it is at once clear that the western half of the field contain- 
ed the larger number of tokras ” irrespective of any applicathni of tJje nitrat(o 
It is most interesting to observe that 0. indica did not come up on the tobacico 
aitliough in th(i pr(‘-viou.s season it had been preKsent on the tomatoes in this 
field in relatively large nuinbers. ' 


N. 


z 

Tobcwco 60 

0.cermiw7956 

Y 

Tab (LOCO 60 

O.cernuw 5566 

Sod. nitrate 60oz, 

X 

V 

Tobaixx) 60 


0. cerniuL Z999 

Tobacco 60 

Sod.7uir‘€ite 60 ox. 

: 0. ccriaia'ZOSS 


Text-figure 5. 


(4) Bieowlie— Season 1915-16. 

During March. 1915 a field of tobacco at Bicowlie Indigo Factory was very 
badly infected with “tokra” of which the vast majority w’^ere 0. cermta und a 
few 0. indim. A portion of this field was, therefore, selected for experimental 
work during the cold weather of 1915-16. The experimental area was about 
one-fifth acre and was divided up into four plots (S, M, 0, P) ; two phfiis 
were sown with mustard and two were planted with tobacco at the rate of 
288 tobacco plants to each plot. One plot each of tobacco (S) and mustard (M) 
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rooeivcd 20 If). oE sndiuni nitrate spread and mixed wi(.!i tlie soil afjuut i.wn 
wei'kf; laddi'e so^vil).g (Text-figure (i). 

■ 


Tohax'€‘0 

; Mustard 

p 

0 

s 

M 

Nitrate 

Nitrate 


Text-llgure 6. 


Tiie crop grew well and ‘‘tokra” appeared in botli plots early 
in, December ; it was entirely 0. mdica. Tliere was no appreoiul.tle dillereiun' 
in the amount ol ‘’tokra ” relative to the mustard between tiie ma.niired. and 
the nnmanured plot. As 0. cemna had been very common in tliis land in the 
})ast season, when it Avas nuder tobacco, tbe jiredominance of 0. iiidica wlmn 
mustard was groAvn lurnished a good illustration of tJic diileren<R*s in tbeir 
parasitism. In four plants, however, 0. ceruua avhs found attae, lied to the 
roots of mustard indicating further possibilities in the pa.rasitism of iJiis 
species. The actual figures Avere:— 

Numljorof Numlier of Niuiii)(ji' of 

lilaiit'S O. hid lea (>. ci'nina 

1,453 : 2,201 

2,553 3,707 


Manured (M) 
Unmaniired (0) 


1 

0 
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The depredations of some stray cattle were responsible for the pniinitv 
of mustard In the manured plot. 

T ohacco. The tobacco crop grew well at first but tohra api)eored eailv 
in December and continued to come up in ever increasing numbers causing 
large cracks to appear all round the tobacco plants. Whether from the loss of 
moisture through these crachs or from the actual parasitic effect of the 
tokra, the tobacco had a wilted appearance, this condition was most 
noticeable in the afternoon. In February the whole field was full of tokra/’ 
a certain amount of 0. indira being mingled witli 0. cermia (Phiie IT, (Ig. i : 
Plate III, figs. 5 and 6). On the 20th February the crop had a veiy poor 
appearance and was cut. The following figures give the actual amomrts ol 
the two species of Orohtmche in comparison with the tobacco 

Nnmberof Niimbor of 

tobacco plants 0. cermia 

Manured (S) .. 287 16,574 

Unmauured(P) .. 288 9,976 

These figures are most emphatically against the claim that sodium nitrate 
may be used as a preventive against “ tokra.” Iir comparison witli the figures 
for the mustard plots, those for the tobacco show the extent fo which the 
species which is the chief parasite of one crop can infect the other crop, 

(6) Btbowlie— Season 1916-17. 

Ihe same field was placed under mustard and tobacco as in the previous 
season (Text-figure 6). 

MustU’ul. Sodium nitrate (20 lb.) was scattere^d upon tlje southern 
mnstard plot (M) about two weeks after sowing. The crop grew badly and, 
as at Pusa, “tokra” was later in appearing and less in amount than in the 


Niinilicr of 
0. indka 

1,999 

1.700 


previous season. 

The crop was cut on February 18th. 



Weigh t of 

Number of plants 

Numb('r of 


mustard 

of mustard 

0. indka 


Mds. Srs. 



Manured (M) 

3 6 

3,445 

687 

Unmauured (0) 

2 28 

2,846 

1 ,404 


There was no 0. cemua in the mustard. These figures show that in 1916-17 
the total amount of 0. indiea in both plots was very much less tlian in the 
previous season ; this fact has already been noticed in the case of the Pusa 
experiment. No explanation can be .given as to why the season 1916-17 
appears to have been less favourable to 0. iiulica. 


1.20 


0 ROMAN GHE AS A PARASITE fN BIMAR 


The dlstributioJi of the “tokra” in the niiyiurod uud iiuniaiirm'.d jddts 
was fche siamc as in last year ; the southern (niamiia'd) ]'lnt (!\1) Iiad iihe 
smaller a, moiji.i:it of “tokra.” 


Tobacco, Tobacco was planted out i,u the two plots to iilie tiuisiu'ir<l 
as ill the previous season, the nnmher of plants i.n oacJi plol hein«- iuer('ased 
in 191 6~17 from 288 to 842. The nitrate was applied to tlte sanu' plot as in 
the season 1915-16 but was given in solution at tlie rate of 1 oz. to each plant;. 
The total quantity of nitrate used thus came to about 22 lb. 

Tokra ” appeared at the end of November and continued to come up 
until the crop was cut on 26th February, by ’wbicli date the tobaccu) was in a 
very bad condition. The actual amounts of “tokra” present were as 
follows : — 

N'nmlitw trf Nmiilioi' of Nuiiilioi- n 1 

tohiioeo pl!Uif.;.i O. cenriia <K indiai 


Manured (S) 
Unniauured (P) 


842 17,291 i 12 

842 14,822 981 


Tn comparison with the previous season th<^ toinl amount of (). rernna 
shows an increase, in both plots, the larger quantity being, as in th,e j)re.vious 
season, in tbe manured plot ; the incri'asi^, liownw’er, is proportioimtely greater 
in the immanured plot. The amount of 0. milim pveseui. sJuavs the d(!crease 
which has already been mentioned as occurring in all the exiKuinumts iu tin- 
season 1910-17. 

Ill POT CUI/riTEP; 1916-17. 


The fact that the tobacco grown at Pusn in a Ih-Id wbich was Iniown to be 
infected with seed of 0. mdim. suliered from “ tokra ” only verv slightly in th.(' 
first year, and in the second year contained fuj- less 0. mdico than the adjoining 
plots of mustard and cabbage, in conjunotioii wjili the fa,(‘,1. that om- Tu-ld of 
tobacco outside Piisa was found to be practi(!ally rh-stroyed by t his sjiecies, 
suggested that the morphological species 0. iwUm possibly eontuined tw(j 
races differing in their parasitic properties. 

With a view to testing the parasitism of 0. mmia and 0. imUca on dilfereiit 
liosts, with greater accuracy than was poss.ib]e -within the limits of a lield 
experiment, a series of pot cultures was made at Pusa duiing 1.1ie cold wc-ather 
of 1910-17. Soil for the pots was obtained from huul which laid })ee]\ lying 
fallow for a large number of years, and which was not kjiowm to liav<^ ever 
ht'.en under a crop liable to the attack of Orohanchc. There was therefore a 
strong probability that such soil wmuld not contain any seed of Orohanche and 
io,oreover a number of the pots, filled with a mixture of leaf-mould and tliis 
soil, were sterilised in the steam sterilizer in order to kill any elm, nee seeds 
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vvliiclj iniglit bo present. As, however, the conditions necessary for the gerini- 
nation of the seed of parasites such as Oro6micAe are known to be delicate, 
it was ]U)t considered advisable to sterilize all the pots. In all 92 pots were 
used of wliich 36 were planted with tobacco, 24 with mustard, 16 witli turnip 
(Bfmsica var . rajoa) and 16. with cabbage. Tliesc pots were 

then infected with seed of 0. cermia 0. indica which had been 
collected in the season 1915-16. In the ease of 0. cevnua the seed used had 
bieen collected from three distinct soiiroes--from plants which were parasitic 
on tobacco, from plants which were parasitic upon tomato and from 
plants which were parasitic upon brinjal {Solmium Melongena Linn.) In 
the case of 0. indica the seed used was obtained from four sources, 
namely, from plants parasitic respectively upon cabbage, mustard, turnip, 
and tol^acco. For convenience in this account the particular kind of seed 
of OrobancJie is indicated by the addition of the name of the Lost plant, 
from which it was collected, after the specific name ; thus seed 0. indica 
cabbage means seed of 0. indica collected from plants parasitic ujion cabbage. 
In this way it was hoped to observe whether the influence of the jirevious host 
had any effect upon the parasitism of the seed of either 0. cernna or 0. indica. 
The number of pots sterilized was 16, and 46 pots received each 1 oz. of 
sodium nitrate when the host plants were well established. Tiiese details are 
apparent in the list of the pots (page 123) and in the plan (jI the experiment. 
(Text-figure 7.) 

Seed 0. cernua tobacco infected upon four pots eacli of toliacco, mustard, 

cabbage, and turnip. This was done by scattering a quantity of the seed on 
the surface of the soil and mixing lightly with a small stick. In the case of 
tobacco and cabbage the host plant had been planted in the pot some da 3 ’s 
previously ; in the mustard an.d turnip pots the seed of tlio parasite was sowm 
mingled with that of the host. Half of the pots had received 1 oz. each of 
sodium nitrate. After about six weeks (from November 8th to IStli) plants 
of 0. cemiia appeared in three of the tobacco pots and considerably 
later (2nd January) also in the fourth pot of tobacco. Those pots which had 
received nitrate were indistinguishable, except in regard to the development 
of the host, from the others. No plants of 0. cernua appeared in flie pots of 
mustard, cabbage, or turnip. Late in January, when the pots had been 
standing in the open for four months, a few plants of 0. indica appeared in oiie 
pot of cabbage and three pots of turnip. The time at which they appeared, 
coupled with the fact that they were not of the species of Orobanche used in the 
infection, indicates tliat tlieir origin is to he attributed to chance infection 
by nir-horiie seed after the experiment was started. 


omBAmUiE AS A PARASITE TN BTITAR 


OEm'mm hrmji^ infected npou ]><d'S tolinceo, four of 
which received I oz. each of sodium nitrate. In th(‘ first six wec'ks tokra, 
(iarne ii)) in all the non-nitrate pots and in two of tin*. nif.rat<' pots, in the 
two remaining nitrate pots it did not appear until, after 1 he lapst^if three 
months. Seed 0 . cmma Emnfo infected upon U)))a(t(i() hohaveil in nine, h i, In* 
same manner, but in one pot, whicli had received sodiiini iiitnutis '‘ tokra'’ 
did not appear. 

Seed 0. imlim cabbage was infected upon foiii- pt,)1s each, of tobacco, 
mustard, cabbage, and turnip ; half of the pots Imd received' 1 oz. each of: 
sodinm nitrate. No ‘"tokra ” at all appeared upon the tobacco; ‘Mokra’” 
(0. md'/ec) came up in all the pots of mustard and turnip and in two of 
the pots of cabbage. It did not aj)pear in the two cabbage pots which 
had reiu'ived nitrate, and in the mustard and trirni]) nitrati' p<tts it was 
distinctly later in appearing than in the non-iiihate -j-iots. Seed (), •indica 
nviialard behaved in, exactly the same way as the seed (). hidica rfdihaijc wlnai 
infected upon tobacco, mustard, cabbage, an<l turn !■(». Iler<'. again, -• ( tkra ’* 
was nuioh later in appearing in the nitrate jiots and in ou<‘ nitinti' pot of 
tiabbage did not come up at all. Seed 0. indica larni'p gavi' tlie sinne 
result, coining up mr mustard, cabbage and tiiiuip but not nptieaiing in 
the tobaeco pofs. ‘'Tokra” was a.gam late in the nitrate fuifs and did 
not afvpear at all in the cabhage ]mts which bad nitrate. 

It has Ireen mentioned previously in this account that 0, mdlca is some- 
times found ]iarasitic u]um lobacco, Rccal of. 0. indica from this source was 
aocorcliugly used to infect eight pots of mustard and four pots of tobacco. In 
the eight pots of mustard '‘tokra” only appeared in two pots and in each 
of these pots there, w'as only one “tokra” and that a very small and 'sveak 
specimen of 0, indica. In all tlie tobacco pots “tokra ajvpcared vc-ry 
abundantly ; it was appreciably later in those pots wbicli ]iu<! received nitrate 
but still each of the four pots bad about 00 “tokras.” In cwry case this 
‘■'tokra” wasO. 'bj/'Jfwand was morphologically indi.stiugui.shable from tlu' 
"■‘tokra'*’ winch had appeared in tlje imistard, eabliage, and tii'niip pois 
'wium these wore infected with seed of 0. indica from cabliage, nnastard, and 
turnip liosts. Yet these latter varieties of 0. indica seed Iniled to give 
any “tukras'"' when infected upo.u tobacco. It apiiears ihereforo l.hnl, 
seed of 0. 'ind'icn collected from mustard, cabbage, and tnnii|.) hosts will 
infect the.se hosts and will not infect tobacco, wiiiii^ sei'd of (i. indica 
collected Irom tobacco host will infect toliaceo ami will hardly Infect 
mustard at ail, 
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The facts established by these pot ciiltiu’es therefore appear to be as 
follows: — 

(1) Seed 0. cernua iohacm is strongly parasitic, upon tobacco, do(‘s not 

, , infect mustard, cabbage, and turnip, and its incidence upon 

tobacco is not influenced by applications of sodium nitrate. 

(2) Seed 0. cemua brinjal and 0. cerniia tomato is strongly parasitic upon 

tobacco and is slightly influenced by nitrate. 

(3) Seed 0. indica. mustard, 0. indica, cabbage, and 0. indica turnip do not 

infect tobacco but come up equally on the other three hosts; 

applications of nitrate delay the appearance of the “ tokra.” • 

(4) Seed 0. indica tobacco comes up strongly upon tobacco but very 

slightly upon mustard ; nitrate has the same effect as upon the 

other varieties of seed of 0. indica. 

The most interesting point brought out by these results i.s that the 
morphological species 0, indica appears to consist of two races. One race is 
strongly parasitic upon Cnidiferw and does not attack tobacco {N. tahacum) 
and the other race attacks tobacco and does not attack Cniciferm. In the field 
experiments in 1916-17 it has already been mentioned that a crop of tobacco, 
grown in a field which in the previous season had been under tomato and which 
then contained plenty of 0, cernva and 0. indica, did not contain a single plant 
of 0. indica, although 0. cermia was abundant. This suggests the possibility of 
further specialisation in the parasitism of 0. indica. The details of the pot cul- 
ture experiment are shown in the following list and in the plan (Text-figure 7). 



date of 

arasite and date of i 
sowing j 

and! 

Ph O 

“o 

3 

Ph 

*0 

1 

a 

PS 

ost and 
plantin 

terilization 

nitrate 

ate of first 
ance of “ 

*0 

'3 

ofcal num 
“ tokras ” 
came up 




QD 

ft 

CC’ 

r-l 

1 

Tobacco 

0. cernua 

s 

8th Nov. 

0. cernua 

17 


27th Sept. 

to bacco 






3rd Oct. 





2 

do. 

do. 


2iid Jan. 

do. 

13 

3 

do. 

do. 

N 

16th Nov. 

do. 

21 

4 

do. 

do. 

N 

do. 

do. 

29 

5 

do. 

0. i n die a 

S 

none 

none 

none 



cabbage 







3rd Oct, 





6 

do. 

do. 


do. 

do. 

do. 

7 

do. 

i do. 1 

N 

do. 

do. 

do. 

8 

do. 

1 do. 

N 

do. 

do. 

do. 


.S=x)Ot sterilized. 

14=1 oz. nitrate given. 


OROBANOHE AS A PAEASITE IN BIHAU 


;i34 


0 
■p, 

*0 

1 

4 bf. . 

1 s 

Ph 

» 

Parariite and date of 
sowing 

nitrate | 

d 

® o 

O 
^ lU 

Ii 

A 

Species of tokra ” 

p'o 

si 

a 

J3 03 

1 ® i 

3 5 S 

H 


9 

T 0 1) a 0 c 0 
27fch Sept;. 

0. i n d i c a 
m u s t ard 
3i'd Oct. 

s 

none 

none 

none 

S=pot .sterilized. 

10 

do. 

do. 


do. 

do. 

do. 


11 

do. 

do. 

N 

do. 

do. 

do. 

N= 1 oz. nitrate given. 

12 ■ 

do. 

do. 

N- 

do. 

do. 

do. 

13 

do. 

<). i n die a 
t u r n i p 
3rdOcl;, 

S 

do. 

do. 

do. 


14 

do. 

do. 


do. 

do. 

<lo. 


in 

do. 

do. 

N 

do. 

do. 

do 


10 

do. 

ilo. 

N 

do. 

do. 

tio. 


, 17 

M n R t a r d 
l lfch Oct. 

( >. r ti r n n ii, 

I, 0 b u (' e o 
M(;h Oct. 

K 

do. 

do. 

do. 


18 

do. 

do. 


do. 

do. 

do. 


U) 

do. 

do. 

N 

do. 

do. 

do. 


20 

do. 

do. 

N 

do. 

do. 

do. 


21 

do. 

0. i 11 d i c a 
c a h b a g e 
14tb Oct. 

S 

30th Nov, 

0. indka 

20 


22 

do. 

do. 


12th Dec, 

do. 

13 


23 

do. ' 

do. 

N 

(ith Jan. 

do. 

24 


24 

do. 

do. 

N 

20th Dec. 

do. 

43 


25 

do. 

0. i n d i e d 
Diuiftanl 
14th Oct. 

S 

26th Nov. 

do. 

9 


2(5 

do. 



2ud Dee. 

do. 

51 


27 

do. 

do. 

N 

6th Jan. 

do. 

11 


2S 

do. 

do. 

N 

19th Dec. 

do. 

21 


20 

do. 

0. i n d i c a 
t It r n i ‘p 
Util Oct. 

S 

2nd Dec. 

do. 

10 


30 

do. 

do. 


6th Dec, 

do 

85 


31 

do. 

do. 

N 

2nd Jan. 

do. 

112 


32 

do. 

do. 

N 

do. 

do. 

47 


33 

0 a b b a ti; o 
23rd Oct. 

0. c c r nil a 
tob a (! c 0 
23rd Oct. 

S 

none 

none 

none 


34 

do. 

do. 


do. 

do. 

do. 

One plant of 0. indica, 
result of chance in- 
fection, appeared on 
12tli January. 

35 

3t) 

do. 

do. 

N 

do. 

do. 

do. 


do. 

do. 

N 

do. 

do. 

do. 


37 

do. 

0. i n (1 { c a 
G abb ag e 
23rd Oct. 

s 

6bh Dec, 

0. indka 

29 


38 

do. 

do. 


9th Dec. 

do. 

68 


39 

do. 

do. 

N 

none 

none 

none 


40 

do. 

do. 

N 

do. 

do. 

do. 


41 

do. 

0. i n (ti c a 
m list ar d 
23rd Oct. 

S 

6th Doe. 

0. indica 

16 
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i 


'S 

s 

t Ho.st and date? of | 
i planting j 

Parasite and date of 1 
sowing 1 

Sterilization and j 

nitrate 1 

Date of first appear- 
ance of “ tofera ” 

Species of “ tokra ” 

Total number oi 
“ tokras ” which 
came up 

42 

G’ a b b a g e 
23rd Oct. 

0. i n d i c a 
must a r d 
23rd Oct. 


6th Dec. 

0. indica 

28 

43 

do. 

do. 

N 

17th Jan. 

do. 

19 

44 

do. 

do. 

iSf 

none 

none 

none 

45 

do. 

0. i 71 d i c a 
t u r 71 i p 
2.3rd Oct. 

S 

13th Dec. 

0. indica 

49 

46 

do. 

do. 


9th Dec. 

do. 

48 

47 

do. 

do. 

is’ 

none 

none 

none 

48 

do. 

do. 

N 

do. 

do. 

do. 

49 

T u r n i p 
23rd Oet. 

0, c e r n u a 
tobacco 
23rd Oct. 

s 

do. 

do. 

do. 

50 

do. 

do. 


do. 


do. 

ol 

do. 

do. 

isi 

do. 

do. 

do. 

52 

53 

do. 

do. 

N 

do. 

do. 

do. 

do. 

0. i 71 d i ca 
cabbage 
23rd Oct. 

s 

6th Dec. 

0. indica 

13 

54 

do. 

do. 


19th Dec. 

do. 

39 

55 

do. 

do. 

N 

2nd Jan. 

do. 

13 

56 

do. 

do. 

N 

14th Deo. 


56 

57 

do. 

0. mdica 
muistard. 
23rd Oct, 

S 

6th Dec. 

do. 

28 

58 

do. 

do. 


6th Dee. 

do. 

26 

59 

do. 

do. 

N 

19th Jan. 

do. 

24 

60 

do. 

do. 

N 

do. 

do. 

19 

61 

do. 

0. in die a 

23rd Oct. 

S 

I4th Dee. 

do. 

29 

62 

do. 

do. 


6th Doc. 

do. 

16 

63 

do. 

do. 

N 

30th Jan. 

do. 

20 

64 

do. 

do. 

N 

10th Jan. 

do. 

05 

65 

T o b a e c 0 
27th Sept. 

0. c er 71 u a 
br in j al 
3rd Oct. 

S 

20th Nov. 

0. c&mua 

34 

66 

do. 

do. 


15th Nov. 

do. 

72 

67 

do. 

do. 


do. 

do. 

78 

68 

do. 

do. 


20th Nov. 

do. 

42 

69 

do. 

do. 

N 

8th Nov, 

do. 

29 

70 

do. 

do. 

N 

do. 

do. 

61 

71 

do. 

do. 

N 

10th Jan. 

do. 

41 

72 

do. 

do. 

N 

do. 

do. 

42 

73 

do. 

0. c e r 71 u a 
t 0 m a t 0 
3rd Oct. 

S 

1st Deo. 

do. 

87 

74 

do. 

do. 


20th Nov. 

do. 

53 

75 

do. 

do. 


do. 

do. 

32 


N=1 oz. nitrate given. 
S— pot sterilized. 


A few plants of 
0. indica appeared 
in these pots 
towards end of 
January — tljo ro.sult 
of chance infection 
by air-borne seed. 
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s 

» 

Host and dato of 
planting 

Parasite and date of 
sowing 

sterilization and i 

nitrate | 

Date of first appear- 
ance of “ tokra 

'o 

■yj j 

Pi 

Total number of 
“ tokras ” w'hieh 
came up 

D Kai.'kKii.s 

76 

T o b a c e o 
27t]i Sopt. 

0. e. 6 r n u a 
t o m (i t 0 
3i‘d Oct. 


0th Dec. 

0. cernua 

46 


77 

do. 

do 

N 

none 

none 

none 

N= 1 oz. nitrate given. 

78 

do. 

do. 

N 

19th Jan. 

0. cerniui 

58 


7!) 


do. 

N 

20th Dec. 

do. 

36 


80 


do. 

N 

do. 

do. 

46 


Sl 

M u s t a r d 

1 4tli Oefe, 

0. i n d ica 
t 0 b a <; c 0 
Mth Oct. 

S 

none 

none 

none 

8= pot sterilized. 

H:> 


do. 


do. 

do. 

do. 


8:5 

do. 

tio. 


do. 

do. 

d<i. 


8-1 

do. 

do. 


, 1 Ith Deo. 

0. indiiMt 

1 

ri'obably ixmnlt of 
(4_i)i,nco infection by 
air-borne ■sta.aL 

85 

do. 

<lo. 

N 

none 

none 

none 


86 

do. 

do. 

N 

do. 

do. 

do. 


87 


do. 

N 

<lo. 

do. 

do. 


88 

do. 

do. 

N 

12th Jnn. 

O. 'indiM 

1 

Ditto 

89 

'1' o b a c e o 
Uni Oct. 

f). i u tl i e It 
t n h It c r 0 
Sril Oct. 

y 

12th Doc. 

do. 

60 

(.see Plate 1, 6g. 2.) 

90 

do. 

do. 


do. 

lie. 

46 

One plant ot (). 
Cfi/’/ou/- -the renult 
of air-bomoinfccti<(n 
- the nnnainder all 

91 

do. 

do. 

N 

2iid ,Tan. 

do. 

52 

(K iiidirtf. 

92 

do, 

do. 

N 

10th Jan. 

do. 

no 



IV. CONCLUSIONS. 

Considering tlie question whether applications of sodium nii.rate oun J.»e 
advocated as a preventive for ‘M-ohras” the results of the expiTijnents 
descrihed in this paper cannot be said to support that view. 

In the case of cabbage tbe field experiments at Pusa did not show any 
diminution in the amount of 0. intlim in the plot wltich had the nitrate, 
relative to that which had not received any nitrate. With mustard, boHi 
at Pusa and at Birowlie, it wa.s found that the plot wliiols had tJie laii'to- 
number of tokras ” (0. m&im) in one season was Ibat which iiad the larger 
number in the previous season and that the application of sodiuni uiU-ale tlid 
not alter these proportions. It is of course md; contenrled that the 
applicatioii of sodium nitrate is without benefit to tlm rmistard but siru])iy 
that it is not a specific against the ‘‘‘tokra which is parasitic upon mustaid 
and cabbage 
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OF MUSTARD. 
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FTURW] 
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66 
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69 
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*^61 
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C 41 
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F 
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76 
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78 
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F 
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91 

F 

*52 

92 

1 

*50 
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17 

s 

!8 

iO 

N 

20 

N 

21 

s 

*20 

22 

*13 

23 

N 

*24 

24 

N 

*43 

25 

s 

*9 

26 

*5! 

27 
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111 the case of the tobacco the results of the field experiments were not so 
obvious. At Birowlie in two successive seasons the larger quantity of 0. cernua 
appeared in one particular plot, although this plot received a lieavy appli- 
cation of sodium nitrate in each season. This suggested that the incidence of 
“tokra’’ in a field was dependent upon factors, other than the application of 
nitrate, such as the amount of “ tokra ” seed present and the resulting degree 
of infection of the soil. The results of the experiments in the “ new 
at Pusa in 1916-17 confirm this view. A reference to Text-figure 
show that in this plot the 0. cernua occurred chiefly in the 
of the field and was not materially influenced by the nitrate. The 
original tobacco plots, A and B, gave results which superficially did not 
agree with this. In these plots the amount of 0. cernua was less in 
areas which had received the nitrate. This was most marked in the case 
the plot B which had not had any manure in the two previous seasons, and 
received an application of nitrate upon half its area for the first time in the 
season 1916-17. In this plot the unmanured area contained about 30 plants 
of 0. cernua to every tobacco plant and the manured area contained about 15 
plants of 0. to each tobacco plant. But a proportion of 15 “tokras 

to each tobacco plant in the manured area appears, in the winter’s opinion, 
too large to justify the claim of any curative properties against “ 
for nitrate of soda. Moreover it must be pointed out that in the tv 
A and B in the season 1916-17, the amounts of “ tokra ” in the two unmanured 
areas differed from one another nearly as much as when the comparison was 
made between one of the areas which had received nitrate and one 
had not received any (see page 115). If applications of sodium nitrate 
were likely to prove a preventive against “ tokra ” a result would 
have appeared in the pot cultures, where the application of 1 oz. to each 
pot was at the rate of several tons to the acre. In this case, however, 
0, cernua on tobacco was almost quite uninfluenced by the nitrate and 
■ the most favourable result obtained with other crops was a delay in the 
appearance of the “ tokra,” 


Chili saltpetre therefore can hardly be advocated as a cure for “tokra.” 
In a valuable crop, such as tobacco, and in a district where labour is as cheap 
as it is in Bihar, much may he done to keep these pests down by hand-weeding, 
the “ tokras ” being uprooted before they have formed mature seed which could 
infect the soil for the succeeding crop. With a crop such as mustard it might 
be possible to cultivate early varieties, which ripen before the “tokra ” has 
matured its seed, and by ploughing immediately after harvesting to bury the 
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" tolaa ■ b(vfoie its seed lias ripened. In this connection it may be mentioned 
that the practice of taking a second cut from the tobacco is a bad one ; the 
lunger tlie tobacco is ki^pt in the soil the more “ tokras ” come np and the 
more seed is matnred to infect the soil for the next cropd 

It is evident tliat the parasitism of 0. indica is much more complicated tha n 
that of 0. cernua. 0 . cmiua is practically restricted to solaijaceons crops ; in 
all the thousands of " tokra ” counted only four specimens of 0. cemm were 
found upon mustard. 0. indmi has, however, a much wider range of hosts as 
is evident from a glance at the list (page 130). Field observations suggested, 
and pot cnltiue experiments have shown, that in O. wf/im tliere are at least 
two races, one of wljicli is parasitic upon tobacco and does not attack 
mustard, while the otluT is parasitic upon mustard, turnip, and cabbage and 
docs not attack tobacco. It has been juoved b;v other investigaiors*’ that 
the seed of some phanerogamic parasites (e.g. Omhavchc, TotrJu) will not 
germinate excejit in the presence of the appropriate host. If the conditions 
for the germination of the seed of such parasites are so delicately adjusted 
to their environment it is not sniprising to find that in a morphological 
species such as 0. indica, di&rences in parasitic quality may exist without 
accompanying morphological distinctions. 

In this connection the scarcity of 0. ind-ka in the second season indicates 
that the slight climatic differences between tw'o successive cold seasons may 
have a powerful influence in determining the amount of this parasiti*, and 
Beck vou Mannagetta considers that some species, notably 0. cnwiia. have 
shown marked morphological variations in their spread to regions of dill’erent 
climates. 

Plants such as Oro6cmc7«e have always attracted a good deal of attention 
from botanists. One of the earliest works on this genus ap};cars to be that of 
Vaucher®, who gives a list of parasitic species and their hosts and made sonu‘ 
observations on the germination of 0. mmma upon Camiahk sallvu. This was 
probably one of the first attempjts to grow Orohcinche in cultanos. The biology 
and anatomy of the genus Was very extensively studied by Kochh the 
later monograph of Beck von Mannagetta^'* being rather from a systematic 

^ Howard, A, and O. L. C,, “Tobacco cultivation in Bihar.’' Aqri. /{r.-i. Iu,'ilihih\ 
Fui<a,Ihtll.,No. 00, 1910. 

s Hcinricher, E., Jjie AufzucJit und Jculhir der Pmrmtmdien .Jeiui, JOlU. 

^ \i\whc:r,.J. W, Mtmofinqdiie des Orobanches, Paris, 1827. 

* Koch, L., Die Enlwickht'nyfiije.'icJi.khte der Orobmichen, Hoitlel}jer<r. 1887. 

® Mannagetta, Beck von., he cit., page 108. .. 
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standpoint-,, and received a good deal of attention from Chatin.^ Tlio work 
of Frajsse^ deals with the biology of some phanerogamic parasites, but species 
of Orohanrlie were not among the number investigated. 

Thronghout thi,s paper the nanres of 0. inclica Ham. and 0. cernua LodH. 
have been used in the sense in which they are used by Hooker. Beck von 
Mannagetta states that 0. mdica Ham. is synonymous with 0. (Bgyptiaca Pers. 
and gives this species and the nearly related 0. Muieli Schltz. as being parasitic 
upon species of Bmssica, and 0. Muieli Schltz. and 0. ramosa L., another 
related species of the section Trionychon, together with 0. cernua Loeffl. are 
said to be parasitic upon Nicoiiana iahacum. It appears therefore ihat Beck 
von Mannagetta’s observations of the parasitism, of OrohancJie on Brassica 
and Nicoiiana agree with the facts recorded by Hooker and described in this 
paper. In a more recent communication® the species of OrobancJie which 
are parasitic upon tobacco are given as foliow^s - 

0. ramosa L. ■ 

0. Muieli Schltz. 

0. cernua Looffl. and 0. cmnana Walk., a sub-species of 0. cernua, 
0, hdoviciana Nutt. 

The first two species occur also on hemp, tomato, and Brassica and the 
last species is restricted to Noi-th America. 

Koch states that heavy applications of manure lessen the incidence of 
0. ramosa upon tobacco for a time but that ultimately the crop becomes 
diseased and succeeding crops show on the whole a more severe infection. 
More recently Peters and . Schwartz^ conducted experiments with a variety 
of chemical substances (copper sulphate, sodium chloride, etc.) without 
obtaining results which enabled them to recommend applications of these 
substances against OrobancJie in tobacco. 

^ Chatin, A., Analomie. c'omparee des vegetemx •places parasites, Paris, 1892. 

3 Fraysse, A. Contribution a la biologie des plantes Fhanerogames parasites, Mont- 
pellier, 1906. 

® Peters, L. and Sclrwartz, M., “ Kranklieitcn und BesoMdigimgen des Tabaks.” 

Kais. Biol. Anstalt f. Land u. Forstwirtscliafl Heft 13, Berlin, 1912. 

Peters and Schwartz, loc cit. 



LIST OF ILLUSTKATIOJSS. 


Plate I. 

Fig. 1. Orobanche indica on mustard. 

Fig. 2. Orobanche indica on tobacco. 
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Fig, 3. Orobanche cerrma on tobacco. 
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Plate III. 

Fig. 6, Tobacco field at Birowlie ; 0. cernua and 0. indica in plot 
which had received sodium nitrate — season 1915-16. 

Fig. 6, Toki-a ” at Birowlie in tobacco plot which had not received 
any nitrate — season 1915-16, 
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THE OLASSIPIOATION OP INDIAN CANEB, WITH SPECIAL 
REFERENCE TO THE SARETHA AND 
SUNNABILE GROUPS. 

BY 

0. A. BARBER, Sc.D. (Cantab.), 

(JovermneMt Sugarcane Expert, Madras. 

[Pvocmvncl for publication on. the 25th rTuiic. 1017.] 

I. INTRODUCTION. 

One of tlie first pieces of work undertaken on founding tbe Cane-breeding 
Station at Coimbatore was to make as large a oolleotion as possible of tlie cane 
varieties growing in difierent parts of India. This was done, primarily, with 
the object of obtaining material for the study of these canes when grown 
together, at the same time and under similar conditions. It was also desired to 
gain some idea as to the kinds of cane grown in different tracts, so as the more 
readily to obtain improved varieties suited to them. It was, lastly, hoped 
that seedlings might be obtained from these canes, of which some might prove 
useful in replacing their parents. It was known that many of them did not 
flower in North India and that, in those that did, the anthers were closed and 
the pollen inside was ill-formed and immature. It was hoped that the change 
to South Indian conditions might induce some of them to flower, and that the 
sexual organs might recover tone so as to become better formed and thus more 
fertile. 

A very sharp distinction soon obtruded itself between two classes of cane 
varieties thus collected. There was a large series of thick, juicy canes, gener- 
ally excellent in appearance. These were commonly grown on a crop scale 
in the more tropical parts of India but, in the northern parts, they were usually 
grown in small plots under high cultivation, near large towns, in which they 
were used for eating as a fruit. In contrast with this first class there was 
a nother, ni thui, liardy canes, grown under field conditions all over India, but 
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owpocially iu the iioitli, which showed themselves capable of gi'owingiii the 
open with cciuparatively little attention. These were uiditfed for chewing 
and were universally crushed in mills and made into jaggern or gur. 

The number of thick canes accumulated at Coimbatore soon becaum* very 
large, and there was no evidence, of our having exhausted the varieties gri>vvu in 
different tracts. It was noted that they were often only known ])y tlu* nu nie 
of the place from which they had been received, with the addition of some i , 

such word as “ Pmnda^' and a number of them were obviously the same cam* 
liailing from difterent places. The names frequently suggested that they 
were introduced or foreign canes and not indigenous in ilie (umutry. It was 
found to be diffcult to growthem on the untreated land of tlie (hue-breeding 
Station and many of those which survived were abnormal m tlnur growth. 

It was thus seen that any attempts at their classification, whidi was at first 

projected, would be extraordinarily difficult, and that it would be ulle (o 

commence this, until further details ivere obtainable as to their migrations 

and original sources, men a good stock was obtained for seedling work, f | 

their further collection was therefore discontinued, or at itivy rate took a ’ 

secondary place. 

The other class, of thin, ipw-making varieties, proved, liowniver, to be ^ ; 

much more interesting. There wus no trace of their having been introduced || 

into India, aud there w^as no country with which I was acquainted from 'whicb 
they could have come. The only exotic varieties of this class, which had been 
received from abroad, were the Yuba cane from Natal, which readily falls into 
line in the great Pansahi group, and two Java varieties which I have as yet 
been unable to place in any special Indian class, but which have been impei'- 
fectly examined. These thin canes w^ere therefore considered to be indigenous 
in India, as contrasted with the introduced varieties, and soon showed 
among themselves several w-ell-defined classes which w'ere easily separable. 

Each year, in planting out the increasing series of thin canes, care wns 

taken to luit together all those which show’-ed systematic relationship, so f . 

that the plots themselves might indicate the classification. Many of them 

were, indeed, so similar to one another that the conclusion forced itself o:n I 

one’s mind that, here too, the same canes had been collected under difl'erent , 

names from different localities, and that such slight diflhrences as w^ere observ- I # 

able might in all probability be ascribed to the varying conditions of culture 

and climate under which they had long been grown. The following groups 

were readily formed, Mungo, Nargori, Pansahi, and Katha, while there w’’ere 

indications of others, such as the transitional Bodi group and the small Ivhelia 

section. • 
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But a number of forms were not so easily arranged, and the uriclassified 
list ” steadily increased, without any light being obtained as to their relation- 
ships to the groups already collected and isolated. It almost seemed as if 
there were a large number of isolated forms growing in all parts of the country 
without any visible genetic connection. Some, such as Barahi from the 
Central Provinces, were as small as the thin and meagre varieties of the Punjabj 
while others, such as Naancd in Madras and Mojmrih in ilssam, were with some 
fliffioult}" separated from the more juicy canes such an Puri of Bihar and Bantu 
of Madras, which appeared to have been introduced at some time, but, after 
long groA^dh in the country, had apparently decreased in size and vigour. In 
fact, the rigid sej)aration of exotic from indigenous canes has. sometimes been 
far from easy, and many changes in the unclassified list haA^'e been made in 
consequence. Until a more detailed examination can be made, a certain 
number of forms Avill be under doubt, as it does lAot at first sight seem possible 
to decide AAdiether such varieties as Muffh in Assam and VendmmiJchi in Bengal 
are in reality introduced or country canes. But the chaj-acters of the thick 
aird thin canes, such as their mode of groAAd.h and tillering, their size and the 
relath^e hardness of their rind, the amount of fibre and juice and their resistance 
to disease, make the separation of the tAvo classes in general easy enough, and 
this is emphasized by the character of such seedlings as have been raised 
from them, in that the parental differences are often exaggerated in the 
seedlings. 

Two A^arieties placed among the unclassified indigenous Indian canes, 
still being groAAm occasionally in the midst of the thick canes of South India, 
received special attention, because they AV'ere more familiar, and we had raised 
seedlings from them. They AA^ere seen to differ markedly in two respects. 
Gcmda Gheni from Mysore had bending or* nodding leaf ends and well developed 
circlets of hairs at the nodes, while Naanal from Tanjore had more or less 
erect -tipped leaves and Avas practically devoid of the circlets of hairs at the 
lAodes. In another place, habit, as here exemphfied by the character of the 
leaf ends, has been regarded as important in classification, whereas it has been 
suggested that the presence of the circlet of hairs is a primitive character of 
fundamental importance. These differences, therefore, seemed to indicate that 
these tAvo canes, like one another in many respects, might belong to entirely 
different groups. But there, was no time aA'-ailable for classification studies 
until the seedling Avork had been placed on a firm foundation. The two varie- 
ties were obviously to be regarded as indigenous canes, when compared with 
the thick ones of South India, but their systematic position remained q' 
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It was first pcissible diu-ing the harvesting season of 19.1 (i to (h'\'ote sotuo 
attentioa to this side of the subject, and a series of .more or h'ss iiurried com- 
parisons were made between these two canes and the other indigenous variet ics 
oollect.ed. .Fuitherinore, it was only then that, by their growth and 'Nugonr, 
the North Indian caiu's shelved that they ‘were, thoroughly accliniat iz('d to 
tlieir new surronuflings. The twm characters mentioned above, leaf tips and 
circlets of liairs, inevitably suggested a comparison with tl^(^ t^Yo aboriginal 
types, KatJia and Dhanlu of Onrdaspw'in the Punjab, for these two varieties 
liad been sliowm to dilTer in jiist these two respectsd A further study revealed 
iIk*' fact that it was possible to collect many of the unclassified va]‘i(^-.ies iindei' 
two lieads corresponding with Ganda Cheni and Nmnal, in thest'. and otluu' 
respects. A Ynelimbiary note was se.nt U) Agrieulmml Joimml of India f 
and a detailed study of the members of the two series was commenced, as far 
as time was availahht, during March-April 1916. It was found that xnihtit's 
of tliese two groups liad been collected from Madras, Mysori', Pom hay. tin? 
Central Provinces, Biliar, Assam, Bengal, and the United ProA'inces, besides 
those already described from the Punjab, noth the not sur]>rising (eudency 
constantly to become thicker and more like tropical canes as wt* ])rc)ceed 
eastwards to Assam and southwards towards Madras. 

As Kailia and DJiauhi represent the thinnest and most meagre niembers 
of these twu) series, and are only toiowm in the Punjab, new i\ames iuive been 
sought for the t^vo classes. And, in selecting tliese, I have been olii(*fly guided 
by the extent to which th,e varieties are generally knowm in the Provi.nces. 
Sareiha and SwvnnMe have, at one time or another, been distributed and 
tested ill almost every Province in India. Saretha is a cliaractei'istic and 
valuable cane in the Meerut District and Simnabik is a Bombay cane. They 
are. canes of medium thickness and display the characters of their respective? 
groups sufficiently well The fact tliat the name " Sunnabile ajipears to be 
of comparatively rare occurrence in Bombay districts has not been allowed 
to staiid in the wniy of its selection, because the cane is well known as an 
introduction on the Government Farms of Madras, the Central Provinces, tlie 
f.Inited Provinces and the Punjab, and doubtless elsewhere. 

^ .Biirbpr, 0. A., ISludies in Indian Sugamines, No. 1, Punjab Canes. Jl/rnn. /)rp, 
Arp-. h>il, Lot. Ser., Vol. VII, No. .1, May ISl.o. This Memoir will in future be rebu'red to as 
1. A .second paper by the same author. Studies in Indian Sugarc,ane,s, No. 2, Sugaroaue 
Seedlings, etc., Mpm. Ih-p. Agr. hul. Lot. Lrr., Vol. VIII, No. 3, .Tuly lOlfi, will be rofernal to 
a.s Mem. 2. 

“ I’.avber, C. A., Th(> (^la.s.sifie.ntion of Indioonoim Indian Canes. Th AarimUnml Jovnuti 
of ii/diw, Vol. XI, .P.art. .IV, p. 371. 


Tile following ai’o iilie varieties tliiis far grown at Coimbatore and, afici: 
examination, placed in these two groups. For more exact details as t<! 
locality and synonymy, Section V may be referred to (pp. 34- and 35). 

Saretha Group : Punjab, Katha, Lalri, Kmisar, Mesangan ; United 
Provinces, Raksi. Ranmi, Chin, Chimnee, BaraukM, Burra Ohumiee, Sarelha 
(brown), Saretha (green); Bihar, Ohytiia, Jaganathia; Bengal, Khari; Bombay, 
Kalkga : Mysore, Gamla Cheni ; Madras, Hullu Kabhu. 

Suiinabile Group : Punjab, Dkmdri, Teru, EJmr ; United Provinces, 
Rakhra, Kaghze ; Assam, Puili Khajee, Mojorah ; Central Provinces, Dhor ; 
B(milrAy,Ba’risi, Sumiabile, Khadya ; Mysore, Hotle Cheni ; Madras, Naanal. 

In the description of the prototypes of these two groups, Kaiha and 
l)haul/u, it was noted that some of the differences were equally remarkable for 
their minute character and their apparent constancy. The same has held in 
tlio present study. We have not received much help from characters usually 
employed in botanical systematic work, such as differences in the floral orgajis 
and size of organs and plants, but have been dependent on a series of miiiute 
local differences, a well larown occurreJice in the separation of closely allied 
cultivated varieties. Thus, in all of the Saretha group, there is a minute black 
incrustation on the rind, as if it had been attacked l)y a small mite, whereas 
this is entirely absen.t in the Sujniabile group. The density of bloom is greater 
in the Saretha group but the blackenijig of this bloom by fungus is mucli sliarper 
and more circumscribed in the Siinnabile group. Minute characters of tliis 
kind thus become of prime imjjortance in classification, just as the greater 
liability of certain classes of canes to difl’ereirt fungus attacks. Thickness of 
stem and size and vigour of plant seem to be of no value, in that, in each series, 
we pass from the smallest and thim).est canes in India bo great growths with 
difliciilty distinguished from luxiiiiant trojncal canes. And the very insistence 
of these in significant characters, in canes so widely differing in external a^jpear- 
ance and extending tliroiigli such wide stretches of country under such different 
climatic and cultural conditions, does but add to their importance. Other 
characters than those mentioned above, which have helped to disbingiiisli the 
two groups are :~The presence or absence of the groove, the brown colora- 
tion on the stem, the arrangement and frequency of the corky lines (i\'ory 
markings) on the stem, the presence of the scar band and scar line, the buj’sf ijig 
of buds, whether apical or dorsal, the character of hairs on the bud, the colour 
of the edges of the ymung leaf-sheath, the presejice or absence of spiny Jiairs 
on the back of the leaf -sheath, the venation of the leaf -sheath, the extent to 
which the leaf -sheath clasps the stem at its base, the character of the ligular 
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liairs, tlie width and shape of the leaves, the relations between their ieii.o;lh ;ui<l 
width (leaf module), the erectness of the leaf tips, the lengtk aiul thi.ekiu'ss of tlx' 
joints and the cane module, the iiumber of joints in the ea.Jie, tiu' <»}»li«|nen(>ss 
of the first formed shoots, the nature of the undei-gron.iu.1 brand) ijig. 
freedom of flowering and seed formation, the roughness of tin', surface ol the 
leaves and the nature of the serrature on their edges, and so iorth. tSome sixt x' 
to seventy such characters are dealt with below, many of them of prime import- 
ance, while in others the groups hang together generally but exceptions occur. 

The two new classes of indigenous canes thus difler markedly from those 
already recognized. Thus far, rve have depended in our grouping oji obvious 
resemblances by which, at a glance, varieties could be placed togetlu'r, as 
if the same cane had been grown for long periods in dilfi'renl tracis. '.rim 
members of the iiew classes often shorv no such obvious likeiK'ss, iiiid it Ims 
required a great deal of detailed study of many minute clianictcM's accoi'diiig l.o a 
prejiared scheme, before we could decide oji deliuitely ])laciug eacli numilier i.ii 
its proper class. Certain varieties, such as the great, grass-green Putli Khujcv, 
are noted for the number of minor deviations, and there are oilier siuh 

as Bhalmrchynia and Barahi, showing obvious connecticms, but, with. snfliciiMitly 
important difterences to prevent at present their inclusion in eitluu' class. 
Such oases may prove of special interest later, as showing transitions betweeJi 
the classes now dealt with and. others as yet undetected, or they may be 
simply blind variations with no further relationship. 

We ha'\u> thus befoj-e us an interesting mass of informatio.n as to the 
systematic value of the numerous characters which have foinied (he l)asis of 
our cane descriptions, one of the desiderata set before us at the .comiiumcemejii 
of our study.' In the classification of the tAvo groups, we see tliat it is moi-c 
to the concurrence of a juirnber of apparently unimpoitajit resen.ibhi.nces tlml 
we must look for the proper grouping of our cane varieties, than to clmractto s 
of real morphological significance, so commonly and successfulh' enij)loyed 
in the classification of plants., 'riiere is little doubt, moreover, that, to tlie 
oharacters detailed in this paper, may be added fundamental difl'erejices in t he 
quality of the juice, fibre content, milling properties, requirements of soil and 
water, and geiieral hardiness and liability to disease, and there are indicatiojis 
iliat such is the case. The members of the Saretha class a.i'(‘ a|)j)ar('ntb 
hardier and less dependent on water than the Siinnabile vaiieties, and also 
have less juice but with Jiiore saccharine contei.it. But a lack of (ij'st-li}i.ud 

^ .Barber, C. A., Somo Difficulties in the. Improvement of Indian Sugarcane^. of 

ApiiUcd Biology, vol 1, nos. 3 and 4, Jan. 1015, p. 219, “ Problem 6.” 
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knowledge of the canes in their natural conditions and the opinions of local 
cultivators regarding them, prevents us from analysing these characters at 
present. Enough has been said to show that, to the already well recognized 
groups of Indian canes t}?|)ified by Mungo, PansaJii, Nargori, two more classes, 
less obviously marked to the casual observer but none the less genuine, must be 
added. In these groups the usual separation of the canes into Vkh and Ganna 
breaks down, and, indeed, there are some indications of a further gradation 
between the latter and the PaumJa class. If this turn out to be the case, we 
shall perhaps be able ultimately to throw light on the hitherto insuperable gulf 
between the indigenous Indian and exotic tropical canes, a gulf which has led 
to the idea that we have in them two groups of cultivated plants closely related 
and yielding the same commercial substance, but arising from difl’erent wild 
parents. 1 know, at present, of no single, fundamental differen.ce between 
these two groups, and regard it as quite possible that, in India itself, we may 
find the transition from one to the other. Historically, at any rate, the 
cultivated canes of the tropics have been traced to Northern India, and we may 
at pre>sent rest at that. 

Blit t.here is another aspect of this study to which attention may be drawn. 
Our classification is not merely aii empirical statement of unconnected difl'er- 
ences, a sort of analrtacal Ivey for the separation f)f varieties, but pi'esents the 
data for a reasoned statement regarding the lines of evolution among a section 
of cultivated canes. We also claim to have made distinct advances along the 
difficult path of tracing the origin of cultivated canes from their wild ancestor. 

There are, as already stated, in each class, a series of cane varieties, passing 
more or less imperceptibly from what are confessedly the thinnest and most 
primitive canes in the world to thick, well-developed forms shoiiing distinct 
resemblances to tropical siigarcanes. ily the careful study of the variation 
between these extremes, we are placed in a better position for tracing the 
evolution of the latter from primitive ance.stors. And, what is more significant, 
we liave established a series of connecting links between cultivated canes and 
wild Sacciiarums now growing in India. 

Our study of Saccharum sponianeum is still incomplete, as the f ull method 
proposed is to examine and compare a large series of seedlings of this species, 
in order to establish the limits of variation in the vegetative oig^aiis. But a 
constant collection of specimens, while on tour in different parts of India, has 
demonstrated the fact that there are some very distinct varieties of this species, 
more or less confined to definite geographical regions. There is the common, 
wire-leafed weed, usually known as kmis or kahi grass, met with all over India, 
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hut more abundant in the dry tracfa. As |m,u,T<l to ib,. 
legions, Bengal, Assam, Burma, this fonu, although presenl, slious I r.-iuMtioii', 
to wider-leafcd and tiioker-atemmwl'forins, till we get eiincs with leu i .... i,,.-, ,-K 
a couple of inches wide and steins as tliicl as „aues. There is! mor.'- 

over, a water form which is typically imwent iiilhe pomls near I (area in |i,,. 
old alluvium of the Madhapur forest, with lender green nodding ieuea ami 
thicMsh stems rooting abundantly at the nodes, wliicli in many ivspeois is 
much more like a cultivated cane than the dry land form (I’hitea I and II). 
I learn from an Assistant Faim Manager at .Dataaa that Ihis form is lernied 
kts/n m the Hooghly Msteict, where it is common on the ailnvial I, auks of 
streams He says that it is given to children to chew a.nlthat his .nandfaihe, 
states that m former times it was crashed for making Uhellier (her. I 
any truth in this or not. it is i, deresting to note thlt. 'among Ihe see 1, 

obtamed from.t at the Cane-breeding Station, some had iniee wdl, o m 
Sperceut.ofsucroBe.wliicliishigherthananvvetol,/.,:, i ■ 

wild Saocharums. This form smomsts ' . ' ■ 

canes. TJiroiigh.mt ;Bu.mia we rneef, with a '.swi!r of 

connect these two latter (the thick land form the w,l'er"forn l'" ‘ ■ " 

pemds but more usually on the alluvial banks of the'in-u -nl r'"i 
Hiderably in the thickness of the stem and wiilf l, r .n i ‘ ' ' ' ' 

have the typical inflorescence of jSneckrmtm v* ■ / 

included iu that botanical species. Thev 1 • nnm// aial miu.j, tiH.jvi'orc !„• 
breeding Station kt Coimbatore aiul show r ''’xhuied mi o i h,. { 'a n,. 



selfing each ofthem.but at present there has 1,„ ! ' ' 

these iu a detailed manner. We thus see in' <f "* I'.vaniining 

ment in the sise of the vegrdativi o" -a, .s ‘w ''T 

tracts iu India, similar to that met with in th . y*'*w) *"”* *" **"' 

sugarcanes. Attention has been drawn to ’th<! rbvloirr' '"'"'“r'"''' 

the Mi grass and JuM„ in the Punjab where the 11 '"y ' ’ 

to point out Mii as the ancesfor of &Ma their “'''’"“'"'"'■'I 

detailed list of characters si, owino diff.,.. ' ' '■'"''‘'""ocst cane.' I„ ,J„, 

Saretha grm^s. we shall find a «^ober nnmtZn.s'rrrth^^^^^^ 

app, . (laches ,Soa.;«,n,,„ ^ nn.li th. I.,iier gnm|, 
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st*cdii.up;s, t.iio mode oi; brivucldug, etc., and we liave utilised tiiene re«eml)la.ii.eeH 
to Surcliuriim nimidanemn at; strengthening onr conviction that the Saretliii 
s<M ie.s is tlie more jtriniitive. But there is also some reason for supposing that 
t]i(' more highly developed Siinnabiie varieties are also traceable to Saccharuni 
sfontaneum. Among the characters in ndiich the Sunnabile and Saretha groujts 
differ are the bending of. the leaf tip, the erectness of the young (germinating) 
shoots, the colour of the stem, the ligule and its setse, spines on the backs of 
the leaf-sheaths, scar band and scar line, and so on. Now a more or le.ss 
imperfect study of the seedlings of Saccharum spmitcmeum raised at Coiinhatore 
has. also shown these very differences among themselves ; there are wldte ami 
brown stemmed forms, the ligules vary and the set® are occasionally long, 
(diere are spiny and spineless forms, and there are vaiiatioiis in the scar band 
and soar line. When we consider the extremely prindtive nature of Dhmdu, 
and its obvious resemblaiice to Kathu in .many particulars, there seems to he 
some justification for the expectation that a closer study will increase tin; 
number of these resemblances in some seedlings of Sacelummi spoyiianeum fo 
the Bunixabile series. There is tlms some reason ff)r tracing both of tire jjrind- 
tive Punjab canes t.o a common ancestor, Kaiha from a red foiin and Dhaulu 
from a white, the differences in whose seetllings have been fixed and tiansmitted 
by the vegetative metliod of propagation. 

']!'he other groups of indigenous Indian canes have not as yet been subjected 
to tlie detailed comparative study accorded to tlie Baretha and Biinnabiie classes. 
It is by no means impossible that, when this is done, sindlar resemblances 
may be detected. Judging from the single character, the mode of branching, 
it would seem that the Mungo and .Pansahi groups are the moi'e primitive, and 
that they ftdl into line with the Baretha class, while the Nargori group, as far 
as it has been studied, shows a formula more comparable with the Bunnabile 
series, a distinct advance towards the thick canes. Khelia and its allies are 
yet further developed, being intermediate in this respect between the Bunnal>ile 
and Nargoi'i groups and the thick canes. We thus see that the study of merely 
ojie character may throw light on the various stages of development of Indian 
canes, and it is justifiable to assume that a comparative study of many charac- 
ters will make the patli plainer. The apparent absence of differences sucli 
as we have (iollectcd in tins paper in the members of the Pansahi, Nargori , and 
Miiiigo groups may lie due to their being more recent offshoots from the parent 
.stem, biastl}^, tJiere ai'e certain primitive canes growing in the Central Pro 
viruses which should lie compared with Saccharuni spontaneMm, e.g., Bamhi 
and llaiai, Jdie latter might lead to a connection with the Nargori group. 
Bo also Shakarchynia and Eheri in Bengal, which appear to be primitive forms, 
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and doubtless many more ill parts of the country ivhero as yet lliooam- Min.di.-s 

have not been collected. These points aro merely indioal.ed here to 

the idea suggested that the careful study of minute vegei-ative d.i lerences lo.. i 
be of use in tracing the course of development in closely aliev i.itii n.i <• 
oultivated plants. The line of work wdtli seedhngs of each variety is more 
complicated, in that the minute vegetative differences relied on are nilei. on 
as they do not apisear to be always inherited, but a stud}' ol 1 u un^i ^ ^ 
variation in each group will also assuredly assist in fixing the probab e 
ancestor. Such work is a.lready possible, with the mass of ; 

in the descriptions oi different Indian varieties, but it is iiol lilcely lluit I u‘i<‘ 
will he time available in the immediate future for working these delnils nii . 
One point may, however, be mentioned in passing. We liave .now a (.iH.iiii 
knowledge of “the relative stability of vegetative chavaoters m the groui.Si 
forming the subject of this paper. But it is unlikely (,h.at (ftis will api.ly ( o 
same vegetative characters in other groups, evi-o if tl.ey a, re denver lium the 
■ same wild form, and this makes it all the more m.iessary that each, grouj. 
should be separately studied in all its varieties. 


We have thus far ignored the fact, which has come t,o liglrt graihially in 
our study, that in theSaretha group tli.ere is a distinct subdivision into Oy. 
sections, primarily separable by the colour of the stem, wldch may be roughly 
termed the brown and green stemmed sections, -hacli section 
.primitive Punjab variety and they have been named after these. 1 be ,Kat;hu 
section is characterized by the regularity of brown marks or colorntmus on tiie 
canes and the Mesangan section is devoid of these. Kafha and .A/ewf//pou. are 
similar canes in maiiy respects, but the Mesangan group, altboug i. ii.ti lu.in.;-. 
a tliin cane, consists diiefly of the thicker forms found in otlu'i' parts ol 1 ndia 
than in the Punjab and neighbouring parts of the Unrt-ed Pro vine's. 
which is the thickest variety in the Katha section, has a lorm in the .l\h‘Hanga,ii 
section also, sometimes distinguished as Dhanr Surdlui, In (he detaihd 
study of these two sections, which is interpolated in many oJ (lie (.liaiaUi i 
studies, we shall see that the Mesangan section is in many ivspects iii(einu <lial t* 
between the Saretlia and Siuinabile groups, and it may (lieivbuv Ih> irganlrfl 
as. on the whole, a more developied series, further frum (lie original wiki lorui. 

In some of the characters used in separating the vane(i(‘S and groups. i(. 

has been found difficult to state the diiierences suc(uu(-tly, (■spiMualli' losuolias 

involve complicated series of measurements. PWr the saio- oJ (iea mess, ctal am 
empirical expressions have been introduced, and the rows oJ ligur<‘S Jia\'o lu'cii 
plotted as curves on squared paper. But, for these to have any gi'iieral vaiiu-, 
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it lia« been necessary to take a very large series of ineasureinents, and tliis 
])a:rii of the work has been very laborious. For j'nstance, on going through the 
varieties, it soon became evident that the organs in the Sunnabile forms were 
on the whole shorter and broader than in the Saretha varieties. As eacli. 
series contained thick and thin, large and small varieties, it became necessary 
to include proportional measurements, and modules have been introduced, 
founded on the length of the organ divided by its breadth, and this has given 
satisfactory results. But o.n.e was also soon convinced that the shape of the 
leaf was different in the two groups, and the module fails to indicate this fully. 
For the demonstration of this diFerence in shape, it became necessary to take 
a, series of width measurements at difi'erent places up the leaf till the widest 
poi]it was reached. The points fixed were the base, 1" from it, and also 6" 
iind 12" and the widest place, A\iierever that was. By studyij'.g these in eacli. 
\’'arietY and averaging them in filie whole group, we have been able to express 
the shape of the leaf by mean.s of the gradient of increase in width., and this 
gives an expression of the general shape of the leaf. The width of the midrib 
was measured at the saine^ places, for it was noted that this part of the leaf 
was much more prominent in the Saretha series (as in Saechanmi s'po'n- 
taneum) thaji, in the Sunnabile group, and it was desired to state this accuratiely. 

.Many o.l; tliest^ measurements were undeitaken, not so much to give exact 
ilata, as to convi-uce '.)ii(ds self that au (.ibserved difference was actually present 
as a g.i:‘oiip charather — a matter of pecnlhy dilHcidty in varieties with such u 

wide .range in geiieral sijie- and, if jrresejit, what exceptions were observable. 

The results are ij-iteresting, as indicatin.g the relative closeness of the diherent. 
x'-arieties in tin; groups, foi-, general]}’, where exeteptions occur, such are also 
lu'aceable i.n other characters, ajul xve see that in each group there are 
fluctiiati(n.is in various directions, suggestive of new points of depa.rture in the 
evolution of the type. 

The vai'iatioii in tlie length of organs at different periods of growih has 
received special attention, and it is hoped will form the subject of another 
numioir. ddie length of joint, for instance, is very different at the base, in the 
mi(l(l](' and af. the top, aiid the two groups under consideration show marked 
ddfereuces in this variation ; there is greater variation in the Saretha series, 
an.d Ihe longest jo.ints are alwaiys .nearer the base than in the Smmabilc series, 
xx'hicli. is mure uniform all through. But to put this dowm in definite terms wnis 
\'(M'y ()jiii(;ult. In each variety 20 canes xvere taken at haphazard, and each 
joint., leaf sheath and lamina wnis measured in siiccession from base to apex. 
.\h the number of joints varies from cane to cane, it becomes an extremely 
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difliGult. tiling t(> obtain an average series oftlie figiiren, J»H<i Hi'* g-onon! Ksudi 
of investigation seems to demonstrate tliat it is impossible l.t» obtain an umvur. 
cane, and therefore, in its place, an ideal cane has been biiiK. up for eacii. s a.n,-( y 
and group in these respects. The results have been reduced lai miri es wlin-ii 
show the differences sufficiently well, but it may be mentioned tlnii sm.n- o! 
these curves are based on as many as 10,000 individual mtasim-meul s, and it 
becomes a question if this amount of labour is justified by the I'esidt.. The 
answer to this question can only be obtained by an inspeclion of tbe oin'\es 
reproduced, but, in a classification built up on a mor])boIogica.l study of vegeta- 
tive organs in closely allied cultivated plants, one object is to build up a. typiiail 
form characteristic of the variety and group, and it is jud obvious bov tins 
can be otherwise accomplished. It is worth while drawing atttmlion to the 
fact that, in the end, characteristic curves of ilui length.s of organs in diffonml, 


parts have been obtained in each case, whereby the inode of growl h in tlie two 
groups is seen to differ somewhat w'idely. But the matti'r is oomplie.ated, and 
a special note has been drawn up on it, wdiereiii the diHiculf ios a,r(‘ fully 
discussed and the method of overcoming them ilescribed. 


A. note has also been written on early <(ttd tale (nineH in eacli clump. 
This matter has been referred to in the tw'o jii'eceiling .Mtunoirs on. .Imliau 
Bugarcanes, and in the present paper .mww light has Ix'-en. thrown mi the subject 
by the dissection of cane stools and tire study of tlie method of branching. 
vSome fifty stools have been dissected out recently, bolongiug iio t.weiiiy- 
four varieties of canes, and some of the results are interesting. Tim main 
point is that there is overwhelming evidence that tire lati^ canes are l.iie 
thickest, thus reversing earlier conclusions draw.u from the behaviour of tin* 
Punjab canes, late in the season. 

The examination of noir-nreasurable characters has alsi* involved, a, great, 
deal of work. So much so, that it has been found necessary to curtail tlie list, 
of observed differeirces for lack of time to conduct tin*, observations on. (lie 
necessary scale. After all, such a thing as a complete analysis of tin* dilTcr'iMKH's 
between any two living organisms or groups of organisms is obi iously 
unattainable. The oinission of a character does not ther'efoie indicate ih.at 
there are not differences in it. As alr.*eady said, there are jirobably :t grca.t 
many more than those detailed in this paper. 

Before proceeding to the enumeration of the characters, it, is :t<l,visable to 
state on wffiat jiiaterial the present examination has been Irased. .As new 
variety is added to the collection at the Cane-breeding Station, it is (hi* ciisf.oiu 
to make as full an examination of it as is possible before planting, j^’urt lu'r, 
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fuller descriptions are then recorded year after year, when there is the time for 
it. There is tlius a great mass of information available regarding the characters 
of varieties wliioh have been growing for some years on the farm, and of course 
less for the newer importations. We are thus fairly well accpiainted with 
many of the varieties dealt mth in this paper, but, for the sake of comparison, 
we have mainly relied on studies in which all the varieties were grown on the 
same plot of land at the same time. Two such occasions have offered, namely, 
during the 1916 and 1917 cropping seasons. But the number of ’varieties 
in the classes under discussion grown in these two years differed a good deal 
in that a great many were added during the year, chiefly from the United 
Provinces and Bombay. Tlie 1916 crop consisted of about eight varieties 
of the Saretha group and 10 of the Sunnabile. The canes were well grown', 
but the examination was taken up rather late, and many of tliem were 
obviously over-ripe, there were a large number of short joints at th,e ends 
of the canes and the leafy shoots were often injured^ or flowering liad 
talven place, witli consecpient shooting. For the better study of the lea,f 
shoots, in which a great number of distinguisliing characters were noted 
It was decided to do the work over again in 1917, but at an earlier stage 
ot growth. Tim varieties were therefore examined at about nine months. 
The numbers of varieties iu. the two groups liad Jiow cojisiderably increased 
and there were 18 in the Saretha group and 16 in the Sunnabile. But tlie 
piece of land on vdiich tins crop u^as raised was not nearly so satisfactory 
It was stiffer and more saline, and the general growth of the canes was poor, 
adhere were far fewer joints than could be accounted for by the yoiitli of 
the plants, and the curves suffered accm-dingly. But the leafy slmots were 
healthy and tlie leaf characters were on the whole much more satisfactory 
Li most cases tlie results of the measurements in the two years are given separ- 
ately, and it IS interesting to note how well they agree, in spite of the "reat 
differences both in the varieties examined and the conditions under which the 
examination took place. This agreement is sufficiently striking in most oases 
to afford additional evidence of the justness of the classification. 

The present Memoir is divided into the following paits 
1. Introduction. 

TT. General list of characters dealt with, followed by a summary of the 
cliief differences noted in the Sunnabile and Saretha groups, 
arranged in tabular form. 

JIT. Note on tlie dissection of stools, as demonstrating tlie thicbiess of early 
and late canes and tbe rolat.ive systems of branching iu the groups. 
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lY. Note on a method of kiilding up an ideal tiane for a vaj'iety <»r group 
by averaging ineasnrenients of the lengtlia ot oigaaiK al. s-,iiei.<*,'.;-.i\ o 
joints. 

V. Detailed list of charaotei-s in wliic-h diffeiyncos iiav'e l>e('n 

with, tables of measurements for the indivirlnal varieties in tlH' 
Saretha and Sunnabile groups. 

For those desiring to obtain a general idea of the soo]>e of Die thesis ami 
the concthisions arrived at, it will snflice to glance at s(.'ctions .! and. .1 1. 'YW 
following sections contain an amplification of the same matter, with tlu* (hhails 
on which the conclnsions are based. It was oiiginally intmuh'd 1 u add a seel lou 
with detailed, illustrated description.s of the indivi<l.ual vaihties in tli.e !wo 
groups, and I am iirdebtcd to several gentlemen for tin' Ifind ww)- in whieli 1 ht'v 
have provided me with information regarding varieti<‘S gmwn In 1 heir ih'os-imu's, 
I would specially mention the llotrlile Mr. Haile}’' ami itai Hanga lhasad 
Saheb of the United Provinot's, and Mr. Evains in the Clentml l.’r<n’ine<<B. Hut 
the number of varieties has now increased so greatly, tliat it would tak(‘ 
man}'' months before this ]>art of the paper could Ix' prepared, anct tin* notes 
received, together with my own descriidions, aia' filed iutlie ofiice lor working 
lip whenever there is time to do this. 


CoBIBATOElil, 

im May, 1917, 


II. GENERAL LIST OE CHARACTERS DEALT WITH, FOLLOWED BY 
A SUMMARY OF THE CHIEF DIFFERENCES NOTED IN THE TWO 
GROUPS, ARRANGED IN TABULAR FORM. THE NUMBl^RS 
OPPOSITE THE CHARACTERS CORRESPOND WITH THOSE IN 
THE DETAILED LIST OF DIFFERENCES IN SECTION V. 

Li:si’ OF 


I. - 

of yoiiiu*' shoots 
Ilabil: iuul mode of ofrowfli. 
Tillering. 

Dissection of stools. 

Flowering. 

Antliesis. 

II. Cme--- 

(1) Jjength of stripped oaiie. 
Nuni.l:)er of joints in the oaiie. 
Average length of tlie inatur<' 
joints. 

Average tliiokness of tlie 
oaiie. 

Cane niodiile. 

HI. Colour uud UKtrkmgs of the cnne — 

(1) Gejunal. 

(2) Strifiing. 

(3) Blaok incrustations. 

(1) Bloom. 

IV. Joint chamelers-- - 

(1) Groove. 

(2) Circlet of liairs. 

(3) Soar band and scar line. . 


Seed production and seedlings 
obtained. 

Niimlier of dead leaves on the 
cane. 

Length of cane liearing these. 
ixMigtli <»f living h'afy slioot. 
Total length of plant. 

(2) Cvaliiess and thickinsss in 

dilTerent parts of tlie cane. 

(3) Length of joints in different 

parts of the cane. 


(5) Blackening. 

(G) Corky markings. 

(7) Colour of growth lings. 
Colour of root zones. 

(4) Growth rings. 

(5) Root zones. 
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V. Bid cliamcit&§~^ 

(1) Buratiiig. 

(2) Size. 

(3) Form. 

(4) Colour marks. 

(5) Point of origin. 

YI. Leaf-sheath-"’ 

(1) Colour. 

(2) Bloom. 

(3) Scarioiis border. 

{4} Colour of young edges. 

(6) Tuft of liairs. 

(6) Spines on tlie back, 

(7) Venatiou. 

(8) Transverse bars, 

(9) Ligular processes. 

(10) Ligule. 

VII. Lamina—’ 

(1) Channelling. 

(2) Callus. 

(3) Scabrous feel at the tip. 

(4) Serrature. 

(5) Number of laminas on the 

oane. 

(6) Length of lamina in different 

parts of the cane. 

(7) Average length of mature 

lamina. 

(8) Width of leaf. 


(6) IBangea. 

(7) Bristles. 

(8) Basal patcties. 

(9) Minute black hairs, 


(11) Clasping stem. 

(12) Width at base. 

(13) Width at apex, 

(14) Length of (nature leaf 

sli<‘ath. 

(15) SJn%atji inodui(‘. 

(10) Number of HheiitliH on ( la* 
cane. 

(17) Ijongf.h of sheath in diller- 
ent parts of tJu‘ cane. 

(9) Leaf module, 

(10) Pinching in above the laisi*. 
Position of wi(!est part of 

the lamina. 

Gradients of inoi'(*ase and 
decrease in width. 

(11) Width of midi’ib in diifr'rent 

parts. 

Proportiioiial svidth of 
lamina and inidril). 


SUMMAEY OP DiPPERENCES IN THE SaRETHA AND SUNNABILE qTiOTn*,s, 

The summary of diiferences, noted in the oharact(‘rs of tin* Sari'tha an(i 
Sunnabile groups of indigenous ludiari canes, has })een drawn up in talnihir 
form. By this means a great deal of repetition is avoided, Hu* :•,tat,(‘(lu^ttl. 
gains in clearness and the various measurements can be more readily (annpart'd. 
In all cases, a fullex study is made in the, detailed list given further on, and 
reference to it is invited to clear up doubtful points, M«'ntioi\ bas lu'eu nmd,<‘ 
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in the I'Etroduction of the observations on which these comparisons have been 
based. Although many of the varieties have been studied for several years, 
the present details are afforded by examination of the 1916 and 1917 crops 
grown on the Cane-breeding Btatioii. It must be repeated that these crops 
differed in several important respects. The 1916 crop was studied when 
about 13 mouths old, it wa.s well grown but rather over-mature. The 1917 
crop was examined chiefly for leaf characters. It was about 9 months old 
and thereifore immature, and the number of joints and leaves developed were 
accordingly fewer : but this latter difference was unfortunately emphasized 
by the fact that tlie crop as a whole was poorly grown, although apjrarentiy 
perfectly healthy, and this has led to a dimimiti()n in certain differences. The 
Sunnabile group forms a remarkably homogeneous class of canes, in spite of the 
fact that, in its range, it passes from some of tlie most primitive of cane 
varieties to thick, almost tropical, forms. The range is somewhat narrower in 
the Saretha series, but the variations met with in the group are considerably 
greater, so much so that it lias been found possible to subdivide it into two 
sections. These are termed tlie Katha and Mesaugan sections, distinguish- 
able, iu the first iustauce, by the presence or absence of a red brown coloration 
of the cane as it matures. It is interesting to note that, in many characters, 
there is a tendency for the Mesaugan section to occujiy a position intermediate 
between tlie Katlia section and the Buuriabile group. But, in spite of this, 
the Saretha series, as a whole, is sufllcieutly uniform to separate it from the 
Sunnabile in the characters enumerated below. 


iSarotha ffronp 


kSunnabilo Group 


Eriictiio.ss (if yoimjj,' shoots. | V'ory oliliquo, averaging 13° — 
Tliey arc niueli more ('n'cl iti j ()7° from the v'crtiie-al at 
tlie iSimnahih' scries. I 4 months. 

I! ihit and mode of growf li. | ,S|)r<s'uling or sprawling ; leaf- 
This dilfiirs considciMhly ini tip.s often soon slnrply hent 
the two gron|».s. at an angle. 


’I'illering !j;('m'rally groati' 
t he Saref ha series. 

1 Jisscet idu of st<)(ds 


Flowering nnieh nioro ahiin- 
dunt in the .Saretha group. 


HU 7, IT) (>anes per stool. 


Ganos maf.sire early and 
branching ocoiirs to the 
fourth order. 

.Ma,ny varieties flower ahini.- 
dantly at (.'oimhatoro. 


Averaging o ' — .‘p'F. Pufli 
Khftjee and Majorah aro, 
exceptional ly, o hli(| 

'Fending to straight, erect 
Ivaliit : loaf tip,s usually 
strict, erect, and, latei', 
broa<lIy evirviug. 

1017, 12 eanos per stool. 


( -anos 'mature late and Ijraneli- 
ing occurs to the third order. 


F’loworing is general 1 y rare or 
a.hsent. 
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STUDIES IN INDIAN SUOAEOANES 


Chiiractor 


Anthesis. Open anthers and 
good pollen present only in 
the Saretha group. 

Seed production and seedlings 
obtained only in the Saretha 
sei'ies. 


Number of deatl leaves on the 
cane. There are fewer of 
thes(» in the Saivjtha sorie.s. 

Length of the part of the cane 
bearing these dead leave.s. 
It is slightly greater in the 
Saretha series. 

Length of living .shoot. Tliis 
is greater in tlie Saretha 
series. 

Total length of plant is greater 
in the Saretha group. 


Length of .stripped cane. Tliis 
i.s greater in the Saretha 
series. 

Number of joints in the cane. 
This is greater in the Sunna- 
bile series. 

Average length of joint in 
mature part of cane. This 
is longer in Saretha series. 

Average thickness of cane is 
greater in the Sunnabile 
series. 

Cane module is much greater 
in the Saretha series. 


Sarotlui, (Irmip 


I. 

In all the variidies Howoriiig 
some of the arrows show 
SO — 90% of open anther.s. 

Any number of seedlings can 
readily be obtained from 
many of the varietio.s, espe- 
cially the more primitive 


Average numlx'rs — 

1910, 2:{ 

1917, 15 

Average nuwisu remei i ts — 

1910, 7' r 

1917, 4' 8" 


1910, 0' rv' 
1917, 0' 1" 


1910, ur 4" 
1917, 14 ' 0" 


H. 'run Oanm. 

Average inoasnremonts — 
1910, 97-2" 
1917, 75 9" 

Average numbers — 

1910, SS 
1917, 20 

Average moa.suremeut.s — 
1910, :{-9" 
1917, :i-8" 

1910, 0-00" 
1917, 0-07" 


Average numbers — ■ 

1916, 115 

1917, 146 


Suiiiinbilc <b'iiiii> 


In all llowers tlie. auliicr.'i aro 
oomjilebdy (dosed. 


No sciullings h.ue liium ob- 
tained, e,\ci>p(iug a. laitc-h 
from Naiiiial in lOl.'i. but 
thertf i.s some doiilit us lo 
these. 

Averagti umiilaav 

1910, ,*52 
1917, iO 

Averagtt imai, sure men ts - 

1910, 7' 5" 

1917, 4' -2" 


1910,5' 1!" 
lit 17, 5' 1 1" 


1910, 10' I" 

]iH7, II' r 


Av('ragu nHiasurommil s - 

1910,921" 

1917, 04dt" 

Average iiuinlxu'.'v - 

1910,40 
1917, 27 

Av'erage tneasuremenl'S-—* 
HI 10, 24)" 

1^1917, 6 A" 

19 lO, O-?.*}" 

1917, 0-77" 


Averagts mimber.s— • 
1910. S7 
1917, 119 


Length of joints in different 
parts of the cane. This can 
be host seen in the curves on 
Chart I L 


The Saretha joints are longer, but, there are more of tiioin in 
Svinnabile. The latter curves are (liereforo longer. 'I'ln* 
joints inerrsase in length up the stenn more ri(|»idlv in 
Saretha and reach an earlbr maxirunm, and, a,ff{n' tliis is 
reached, they dociroaso more rapidly. Ttu! Simnabibi einac 
crosses that of Saretha. towards 1, he end because of tbe lar a-r 
number of mature joints. There ari>, generally, greater due- 
tuations in the iSarotha series, the lengt h of jniMt beinu more 
uniform in the Sunnabile serios. 


f 




if 
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kSarcflh;) Grouf) 


iSuiui;iliil(k (iroup 


III. COLOUIJ and MARKmG.S OF THE UAHE. 


(jiFUoi’uI lit' fli(i c;ni(\ 

'Tliore .'iri! cmisidtiriilili' dill'or- 
(iiU'.cs ill tills rrspiict ill tlui 
cduos (it till! two .i'i’oiipsj ami 
ill tliLi Sai'iithii group a aub- 
division is uotiiaiaiilo iiilu 
brown and green .seel imia. 


St.riping is ptesoiu in many 
enios. 'I'liis is nspoeiiilly so 
in tile Siinnabilo series, and 
apjiears to be absent in the 
Ivatlia sectiion. 

lilae.k iiierusiaiion.s duo to the 
ont-growlli and browning of 
epidermal eells, eiuetly in the 
neiglibourhood of the groove, 
only in the Saretlia group. 

Bloom is inueli more marked in 
tlie S.irotiia series. 


.Blaelcming eaiised by fungus 
atta-ck on the bloom. 


Corky mai'k'iig. vary a. good 
deaJ in dirferent vai-ieties. 
Iiut there are general g;ronj) 
disfinctiims. 


Colour much obscured, in the 
lower parts, by weather and 
bloom and usually dirty hero 
•Brown, bone yellow, green 
or grey, occa.sionally light 
purple (brown covered by 
bloom) below, pa.s.sing up- 
Avards to yellow, glaucou.s 
green, green yellow or grey, 
ami liually to greyish or 
glaucous or whitish green or 
e\ ei) white at the to]), owing 
1o e.vwsssive bloom. In the 
Mesarigan section tlie lirowns 
a.re absent or exlremely rave 
and, eensequeiitly.f ho joints 
are rarely- light jun'ple. The 
brown occurs in {latches or 
streaks or as a genoraJ tone, 
ami increases wi1 h ago. It is 
(herefore more maikofl in 
the mature canes 

Not noted in tlie Katlui sec- 
tion, but seen in four of tlic 
sevmi 'Mesangan canes. 


f’rosent in all, sometimes 
abundant and a striking 
feat ure in colouring. 


Well deieloped, especially in 
the Kalha section, where it 
is frequently \my thick ami 
eo])iously (h'seending over 
the joint, espeeially in tire 
u|)|)er jiart of the cane. It 
is loss a))undanl in the 
Mosangnn si'ction. 

Bloom bauds rallier distinct, 
exeopl. where there is excess 
of bloom on the joint, 

Moderat.ely dovoloped, rather 
fidut a.nd ill-defined, as if the 
surface liad been smudged 
with soot 

in tlie main, short, fine, wavy 
lilies, closely ])aekcd, but 
oft.en not well develo].)ed. 


Brownish stone coloured or 
glaucous jaillow, occasionally 
green below, pa.ssing upwards 
to clear light stone or greenish 
yellow, w'ith distinct gi-een 
])at,chos at jiiaces wlim-e the 
cane is bout, iinally to clear 
stone yellow, o<>oasinnally 
greenish yellow or dull green 
at the to{) Pulli Klidja- is a 
livid gra-ss-green cane, and 
Ki‘l(tri has agmieial gn'eiiisli 
tinge Avhen eom])ar(“d with 
the rest. Many of tlii' varie- 
ties liase wind are termed 
“ white " eanos, and tliis is 
reflected in tlieii' local name.s. 


Met with in all the canes i 
tliis group excepting D/uiiil 
(1-f out of 15), as oceasiouii 
faint purple tines. 


Not met witli in any variety. 


Not, hea.vily tievoiojied and 
not. dese.emling much over 
I he surface of I lie joint. 


Bloom bands not conspicuo' 
on yellow' joints. Qui 
.sliarp and distinct on t' 
green .joints of Fulli Khttji 
Well developoil, in .sharp 
isolated ilen.se black jiatclu 


More typically ]»resen(:. Usu- 
ally as long, (hiek, parallel 
linos, rather widi'ly separati-d 
and extending from I, he base 
of tlie bloom band a liout t wo- 
thirds of I he way <.lown I.I 10 
joint. 
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STUDIES IN INDIAN StTGAB CANES 


Character 

Saretha Group 

Suunal)iie Group 


I. General— eojirh/. 



Anthosis. Open anthers and 
good pollen present only in 
the Saretha group. 

In all the varieties flowering 
some of the arrows show 
80 — 90% of open anthers. 

In all flowers the antlier.s aro 
complatoly closed. 

Seed production and seedlings 
obtained only in the Saretha 
series. 

Any number of seedlings can 
readily be obtained from 
many of the varieties, espe- 
cially the more primitive 
ones. 

No .seedlings have been ob- 
tained, excepting a batch 
from Naanal in 1913, but 
there is some denbt a.s to 
these. 

Number of dead leaves on tho 
cane. There are fewer of 
these in the Saretha series. 

Average numbers — 

1910, 23 

1917, 15 

Averagi 

1 number.-; — 

1916, 32 

1917, 16 

Length of tho part of tho cane 
bearing those dead leaves. 
It is slightly greater in tho 
Saretha series. 

Average measurements— 

1910, 7' 7" 

1917, 4' 8" 

Average 

> iiuaisureinents — 

1910, 7' 5" 

1917, 4' 2" 

Length of living shoot. TJiis 
i.s greater in the Saretha 
series. 

1910, 0' 5" 

1917, 0' 7" 


1916, 5' 11" 

1917, 5' 11" 

Total length of plant is greater 
in tho S^iiretha group. 

1910, 13' 4" 

1917, 14' 0" 


1!)10, 10' 1" 

1917, 11' 3" 


II. The Cane. 



Length of stripped cane. This 
is greater in the Saretha 
series. 

( Average measurements — 

1910, 97-2" 

1917, 75 9" 

1 . Average 

! measureinents — 

1010, 92-1" 

1917, 04-0" 

Number of joints in the cane. 
This is greater in the Siurna- 
bile series. 

Average niimber.s — 

1916, 33 

1917, 20 

Average numlters — 

1916, 40 

1917, 27 

Average length of joint in 
mature part of cane. This 
is longer in Saretha serie,s. 

Average measurements — > 

1916, 3-9" 

1917,3-8" 

Average 

measurenient.S' — ■ 

1910, 2-9" 
li.1917, 3-0" 

Average thickness of cane is 
greater in tho Sunuabile 
serie.s. 

1916, 0-06" 

1917, 0-67" 


1916, 0-73" 

1917, 0-77" 

Cane module is much greater 
in the Saretha series. 

Average numbor.s— 

1916, 115 

1917, 146 

Average niimber.s — ' 

1916, 87 

1917, 119 


The Saretha joints are longer, but there are nu)i'(i oi' tliein in 
Sunnabilo. Tho latter curves are liierefore letigei-. 'I’iie 
joints increase in length ui) tho stem more ra7>i(ilv in 
Saretha and roach an earlier maxiimim, and, aftm' ihis is 
reached, they decrease more rapidly. 'riK* Sunuabile curve 
crosses that of Saretha towards the end bceausci of llui lar nu' 
nuinber of mature joints. There are, gcmcn'ally, gnsdcir (Inc- 
tuations in tho Saretha sorie.s, the lengtli of joint liein"’ more 
uniform in the Sunuabile series. 


Length of joints in different 
parts of the cane. This can 
be best seen in the curves on 
Oliart II. 
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Sarotha (hvmp 


Smuialiila (iroii)i 


ill. OoLOUK AKB MaBKIInC!S Oi' THK (JANE, 


Uouoral CdJoiir ol: the cane, 
'.rhere ai'(; iMtn.sideralile diil'ei'- 
encass iu this I'e.sjKJCt in tlnj 
canes of lh(i two ^('I'onps, and 
in tiiG iSaretJia grou|) a .sub- 
division is nolicealjJe into 
b‘i-o\vji aiui green ,s(iClions. 


ytriping is pre.sent in many 
ciniis. 'I'lds is esp(!cia.lly so 
in the Suniiaijili' series, and 
appiair.s to be absind in the 
Jvatiia se(d.i(,in. 

Black incii'usfations due tollie 
out -grow 111 and )>row’ning of 
ej)idormal cells, clnh'fly in the 
neighbourhood of t h(‘ groove, 
otdy in the Sari'tha group. 


Bloom IS much more i 
tile y,irctha serie.s. 


larked ii 


Bliel..'n’ne fuu-ed liy fungus 
attack on the hloom. 


(lorky imu'kuig'. \'ary a gooti 
deal iu diliereid vari(>ti(M, 
but (here ai'i' lu.ntu'al group 
disliiuctiou.s. 


iCV)lour much obscured, in the 
lower jiarts, by weather and 
hlooin and usually dirty henj . 
Brown, bone yellow, green 
or grey, occasionally light 
purple (bi'owm covered by 
bloom) below, jjassing np- 
w'ards to yellorv, glaucous 
green, green yellow or grey, 
and iinally to gr<‘yish or 
glaneons or wliiti.sh green or 
(U'cn wliito at, the to]), owing 
t'O exci'ssive bloom. In the 
Me.sangan , seel ion the browns 
are absent or extremely rare 
a.nd, eon.sei(iiently.lhe joints 
a.re rarely light, jmrjde. Tint 
brown oeciirs in patches or 
streaks or as a general lone, 
and incrt'a.ses wit ii age. It is 
thereforct mere marked in 
th(,( mature canes. 

Not noted in 1 he Katha. .soe-| 
tion. Iml seen in fonr of tlic 


Bi'i'.senl, in all. sometime, s 
abundant a, ml a striking 
feature in colouring. 


Wi'll doveloped, o,s])eeia]ly in 
1 he Katha sticliou, where it 
is freipientiy very thick and 
eopioii, >ly de.scending over 
t he joint., especially in the 
ujiper part of (lui cane. It 
is le.ss ahnnclant in the 
Me,sa,ngan section. 

IBoom hands rather distinct, 
except where there i.s excess 
of hlooni oia the joint, 

JVIoderal oly developed, rather 
faint and ill-delined, as if tJio 
surfaoo had boon smudged 
with soot, 

fii the main, short, fino, wavj' 
lituis, closely ])a(.iked, but 
often not well developed. 


Brownksh stone radon ri'd oi' 
glaucoms yellrav, occa.sienally 
groen below, passing njnvards 
to clear light stone or grccni.sh 
yellow, with di.stincl gream 
patcIiCH at place.s wlim-e the 
cane is licnt, Iinally to clear 
.stone yellow, occasionally 
greeilisli ytrllew (u- dnll gi’eeu 
at the top, J’ulli Kliiijit is ,a 
vi('id gi'ass-gremi earn*, and 
Kt'lfiri lias a, general greenisii 
tinge when eomjiared willi 
the rest. Rlan.^' of the Viiriiv 
ties li.axe wlia.t are tiaaned 
“ while ” eanes, and f his is 
rellectial in tlieir local names. 


Met with in ail I, In' eanes el 
this giamp exiaipl ing 
( bt out, of ir>), as oeeasioual 
faint i>urple lines. 


let. with in any variety. 


Not heavily developed and 
nut lieseending imieh over 
the siirfaee of (.lie joint. 


Bloom bands not eonspicuous 
on yellow joints. (vbiite 
.sharp and disllnet on thrs 
green joints of PvUi K/iajet:. 

Wcdl developed, in sliarply 
isolated douse black patches,. 


Mere l.ypieally presenl. Usu- 
ally as long, thiek, piira.Hel 
lines, rather wiilely sep.'i, rated 
a,nd (extending from tiie base 
of the bloom band about twm- 
tliirds of the way down t.lie 
joint. 
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STUDIES IJT INDIAN SUUAROANES 


1 


Saratha. Gr.»ii|( 
til, COLOUH .\ND MaRKINOH! 0¥ ' 


(Jolour of growth rings gene- 
rally stronger brown in 
Saretha. 

Oolotir of root zoires, brown 
cream ttelow to lighter cream 
above and often bloomed. 


Strong brown in the Katha 
.section ; less ilistinet in the 
Mesangan. 

Not blushing green in the 
Katha section, hut occa.siona! 
traces of this in the 
Mo.sanga.n . 


1 : — rimrlil. 




Fainter bi* 

own gener 

ally 

, and 

most, ele, 

arh .Msm 

in 

tJie 

middle of 

the cane. 



Usually 1) 

lushing gi'i 

ecu 

wiien 

exposed. 

and then 

Gio 

wing 

the eyes 

a.s bright 

>1 

dlow 

.spots. 





IV. 


Joint CHAK.ArTioiis. 

all I Not traceable i 


Groove, a characbu' a)»|iarently Present or indicated 
of [irime importance. varitsties. 

(.'ii'cl('t of liaii’s, characteristic L'snally well disveloped Isdow 


of the Saretlm serie.s. 


Sear hand characterizes the 
Saretha series and scar lino 
the Sunnahile. 

Growtli ring v/ider it 
Saretha series. 


and jHO’sistent at 
parts (jf the stem. 


Root zone wider in the 

Sunnabile scries and ■with , -, 3 ,-— , 

a different arrangement of Eyes usually 


the eyes. 


Mea.sun'imoiTs III wiiitli — 
K.illia .section tCl I" 

,\Ie,-iaiigan section tldd'" 

Katha section tl■22" 

Me.sangan section 0 • 2 ^/' 
row.s, 


e or les.s ei|iiidistant. 


ly variety. 

I below of. 


N..t iisiiadly pr 
if found tliere, 
di.sn|ijiearing upwards. 

Gsualiy a sear line. 


IVioasiireimmts in width - 
tSiumabile group (l■dS■'' 


Averagi! width 


(I'dd" 


Eyes in uneijual rows, the 
lower being luiieli larger and 
rather widely se|»a rated from 
tlie re.st. 


liursting differs in the two 
groups. 

Size. The Imtls are very .small 
in both series, excepting in 
Mojorah. Tho amount of 
root zone covered by the bud] 
give, s a, usefid difference. 


Form. There is little to choose 
here because of tho smallneas 
of the buds. 

Clolour marks, consisting of 
brown blotches on greenish 
or yellowish bud. 

Grigin usually at the leaf sear 
in l.'oth, but a tendency to 
an, so higher up in the Suiina- 
bile series. 


V. — BiTp Ohar.vctisr.s, 
Generally more or le.s,s apical. 

Average length — 

Katha section 0.'2X 
Me.sangan section 0.27" 

{ 22 

Katlu section 

* 25 

Mesangau section 

More pointed, ovate. 


Blotches of brown colour at 
tho base and along the sides 
of the flanges. 

At leaf sear, especially in tho 
Katha section, with a slight 
tendency to arise above it in 
tho Mosangan section. 


Average length- 

Hoot iwinu P-t 


the fliiekest 
are rather larg 


In Mirjitmli, 
me, tlie buds 


More 

cate. 


oimded, oval or (.ri 


Blotehits of eoluiir as two 
.sharp brown liiie.s a( f|u' top, 
like tile head oj an ai'i'ow. 

A marked tc.iuleucv for the 
iipiier buds to aris'e iiieher up 
than the leaf sear. 
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Character 

Saretha Group 

Siinnahilo Group 


V. Bl?I» CHAKACTEE.S — COudd. 


Fln,ii,t.'es present a point of (lifT(>r- 
ence of some iinportiinee. 

Narrow, outline usually ob- 
scuretl by bristles. 

Bread, outline well .seen and 
usually free from iuiirs. 

Bristles inueh last ter dove-lopcsl 
in the Saretha 

Fairly' well developed and 
often abundant. 

Not well developed, irregular 
and ofteiv a,l»seiit. 

Basal patches laitter dovelojaal 
in tlio Sfirotha grou)). 

Usually' well developed and 
consisting of the typical, 
crisped, white, parallel hairs. 

Usually' jioorly developed and 
often merely a roiighnijss or 
juihcscence. Well and ty'iu- 
cally developed in Piifll K/ia- 
and less .--o in finti-'ii. 

Minute black hairs nnudi better 
dovolopod in the iSunnahile 
series. 

rraclieally absent iii'the Katha 
section, but generally })resent 
in small numbers in the 
Mesangan section. 

U.MiallY abundant, in all parts 
of the bud. 


VL Leaf Sheath. 


Scarinus border ooinniencos 
early only in the Sunnabile 
Horios. 

Absent in the Katha seethm, 
and very occasionally 

commencing early in (lie 
Mi'sangan section. 

Developing very early in the 
young leaf sheath, 

Young edges eolourlt'Ss in the 
Saretlia grou{), soon beeoin- 
intr red Imown in the.Sunna- 
bi'fe. 

Light coloured or trans^iaient 
in the young sheaths. 

tiluiekly assuming a red brown 
eoloni', sharply contrasting 
with, the green sheaths and 
often with a vviiite border 
outside. 

Tuft of hairs at the afiex of the. 
.shoatli usually ineagro ; de- 
current in the Sunnabile 
group. 

Not usually' decurreiit along 

1 he edges of the sheath in the 
Kafha section, oeea.sionally' 
slight.ly so in tlio Mo.sangari 

Usually deeurrent along the 
edge of the leaf sheath, 
sometimiss very' freely'. 

Spines on ttie back piansent oidy 
in the Sunnabile group. 

Ahseut. 

Present or imliea tod in all but 
on(v of the two Khadi/u s]>eoi~ 
mens examined. ^ 

Venation finer and rncjro dis- 
tinct in the Saretha grou]), 

Usually well marked, clear and 
rather tine parallel lines in 
the Katha seetien, and mo- 
derately distinet in the 
Mesangan section. 

Irregular anil often tiiickish 
and indistinct. 

Transverse bars present only 
in the Saretha group. 

Usually' welt developed iu the 
Kalha .section, t hough some- 
times obscured by bloom. 
Bess (list inel in the Me.sangan 
section. 

Usually ali.sent, or their place 
only indicated by .small 
patciios of darker eolonr. 

Ligular processes only pro.sent 
in the Katha .section. 

Usually' well developed in the 
Katha section, as long, slun-p 
teeth ; seen, poorly developed, 
only in Qanda Oheni of the 
Mesangan, section. 

Absent; 
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STUDIES IN INDIAN SUGAROANES 


Ciuiractur Saretlia Group 


Suimalnlo Gnuip 


III. Colour akd Markinos oir- thk oank— ro//cW. 


(jo lour of growth ringH gene- 
rally stronger brown in 
Saretlia. 

Colour of root zone.s, brown 
cream below to lighter cream 
above and often bloomed. 


Strong brown in the Katha 
section ; less distinct in the 
Mesangan. 

Not hlu.shing green in the 
Katha section, but occasif)na! 
traces of thi,s in the 
Mesangan. 


l'’aint(ir brown ueuin'.iliy. and 
most elearly sisui in llio 
middle of the cane. 

Usually blushing green wlieii 
expo.scd. and tlnm showing 
the eyes as bright yellow 
■spots. 


(jti-fjove, a character apparently 
of prime importance. 

Circlet of hairs, cliai'acteristie 
of tln.^ Saretha series. 


year band characterize.s the 
Saretlia serie.s and sear lino 
the Sunnabile. 

Growtlr ring widm- in tins 
. Saretlia series, 


Root zone wider in the 
Sunnabile series and with 
a different arrangement of 
the eyes. 


Bur.sting differ.s in the two 
groups. 

Size. The buds are very small 
in both series, excepting in 
Mojomh. The amount of 
root zone covered by the bud 
gives a usefvd difference. 


Eorm. There is little to choose 
here because of the smallness 
of the buds. 

Colour marks, consisting of 
brown lilolehes on greenish 
or yellowish bud. 

Origin usually at the leaf scar 
in both, but a tendency to 
arise higher up in the Sunna- 
bile serio.s. 


I?. Joint Charactbks. 


Present or indicated in all 
varieties. 

Usually well develojied lielow 
and ]iersisteiit at various 
])arts of the sttun. 

Generally a scar band. 


Not traceable in unv variety. 


Not usually |ir(«eiit below or. 
if found there, soon 
disupix'.'iriiig iiinvard.s. 

Usti.ally a sear line, 


Measuremeurs m wuitli — 
Katha .section Od \" 

Alt'Siuigan section O i l" 

Katha section O ^ll" 

Me.sangan section (l-'I.T 
Eyes usually in 2-15 rows 
more or less erpiidistant. 


V. — B UT) G 11 ARACTEK.S. 


Measurements in width 

Sunnabile group ODK" 


Average width 

Eyes in unogual rows, the 
lower being inueli larger and 
ratlier widely .separated from 
the re.st. 


Generally niore or h^ss ajiieal. 


Usually dor.sal. 


Average length — ■ 

Katha section 0.2S 
Me.sangan section 0.27 


Root zone 


Katlii section 
Mesangan section 


23 

23 

25 

27 


Average length-- 0'27" 


Hoot zone r i 
bud z'f' 


In Mojunih, 


the thickest eane. (ho buds 
are rather largo. 


More pointed, ovate. 


More rounded, oval or I, run- 
cate. 


Blotches of brown colour at 
the base and along the sides 
of the flanges. . 

At leaf scar, e.specia]ly in the 
Katha section, with a slight 
tendency to arise above it in . 
the Mesangan section. 


Blotches of colour as two 
sharp brown lines al (hit (op, 
like the head of an arrow. 

A marked (.eiuloney fm- (hi! 
upper limls to arise higher up 
than the leaf .sear. 



Chfii'cactor 

Sarelha (_4roux» 

Sunnabile Uroup 


V. Bun C11ARACTER.S — amcld. 


l'’lan<fc.-' prasiiiif a. piiiiit. of diffar 
(Mice: of SOUK' ini[)or[a.n<'(t. 

Narrow, outline u-sually' oh- 
scuroil by bri.stles. 

Broad, ouiline well seen and 
usually fi’e(! from liairs. 

Bristles imieli hot ter devolopod 
ill the Sarelha ^t;roiip. 

Fairly well developed and 
often abundant. 

Not well thivcioped. irregular 
and often ahsiuit . 

Ba,sal patches hetti'r develo[md 
in. the iSaretlia group. 

Usually well developed and 
consisting of the typical, 
cri.spcd, white, jiarallel Jiairs. 

Usually poorly dcvelopetl and 
often merely a roughness or 
pubescence. IVeli and typi- 
cally dcvelopetl in Pntli KIki- 
jee and ]e.ss so in Bunsi. 

Minute black liairs invicli better 
developed in the Stinnabile 
series. 

Practically ah.sont in tlie Katha 
section, hut generally present 
in small numbers in the 
Me.sangan section. 

Usually abundant in ail piu'ts 
of the Itud, 


VI. .LlSAli' >SllBATir, 


S'carious Iiordor eornniences 
early only in the Sunnabile 
.scries. 

Absent in tins Katlia section, 
and v'ory occasiouailj' 

commencing early in the 
Mcsangaii .section. 

Developing vtwy early in the 
young htaf sheatli. 

Voung etlges eolourlchS in the 
Sfiretha, group, soon becom- 
ing red brown in the Sunua- 
bile. 

Light coloured or trans[iareid 
in the young sheaths. 

t, hackly assianiug a red lu’own 
colour, sharply contrasting 
with the green sheatlis and 
often witli a wliite border 
outside. 

Tuft of haii'.s at tlio apex of the 
sheath usually meagre ; de- 
current in the Sunnabile 
group. 

Nut usuiilly ileeiirnmt along 
the edges of (he slusith in the 
Kadia section, oceasionalJy 
slightly so in the Mosangan 
.section. 

Usually deeurrent along the 
edgt; of the • leaf sheath, 
.sometimes very freely. 

Spines i.m the back present only 
in the Sunnabile group. 

Absent. 

Present or indicated in all Imt 
one of the two Khadi/a speci- 
men, s examined. ^ 

Venation finer and more dis- 
tinct in the Saretha grouj). 

Usually w(;ll marked, clear and 
rather fiiut parallid lines in 
the Katha section, and mo- 
derately distinct in the 
Mesangan section. 

Irregular auTl often tliickish 
and indistinct. 

Transverse bars present only 
in the Saretha group. 

Usually well dovtdoped in the 
Katha s(a;tion, though some- 
times obscured by bloom, 
Le.ss distimd in tlie Mesangan 
s(*ction. 

Usually absent, or their place 
only indicated by small 
jiatches of darker colour, 

Ligular proee.sso.s only pro.sont 
in the Katha section. 

Usually well dovudopodin the 
Kat ha section, as long, sharp 
teeth ; Siam, poorly developed, 
only in Ganda Ghent of the 
Mesangan section. 

Absenti 
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Oharactor 


Sarotha. Group 


Smiuaiiilo 


( Iroup 


VI. Leap Sheath- - cowdrf. 


Ligiilo, Tin's is narrow in l)oth 
groups altliougli thon^ ap- 
pear lo lio tlifi'oi'encos. The 
s(hw are \'(try diU'ennit. 


Clasping sffitn. The sheath 
clasps t ho stem more widely 
in the Sarotha group. Mea- 
surements taken in terms of 
the oireuniforence. 


V’id th at biise. The sheath is 
wider a-t the base in tlse Sun- 
nal.iile grouit. 


Width at apex, also rather 
greater in the Sunnabile 
group, but widest in the Mos- 
angan soctiou. 


Length of nuiture lead' slie.it li. 
There is little dilTei'enee in 
the gioups in 1U17. but in 
I91t) the sheaths are longej 
in the S->r>*tha series. 


The middle portion usually 
widens out so as to form a 
.small, well defined lozenge. 

Setae voiy minute, irregular, 
spar.se and often ab.sent. 

laid, 1-45 

1917, Katha section,’! 

1'4S (average 
Me,sangan .section, jl'4f 5 
1-43 j 


191(i, .309'^ 

1917, Katlia section, *! 

d-79i_average 
Mesangan .section, j d'93" 

:Mti"J 

1910, 1-23" 

19.'.7, ’Katha section,'! 

I -il" I average 
Mesangan .section, j 1'22" 
Lttl'j 

19 It), 12-4" 

1917, Katha .section,"! 

10 •74" (average 
Mesangan section. ( 11 •Oo" 
13 -Si"] 


Idle upper and lower niargiiis 
a, re more or less piir.'i llel. .■iiid 
a. lo/.enge is not preseiif. 

Seta- strongly devidopi'd, lum ■ 
ally lougisli and with isolalid 
longer Iiairs in (he middle 

1910, 1-35 

1917, 1-39 

1910, 3'37'‘ 

1917, 3-20" 

1910. |•;^T' 

1917, I •30" 

1910, 1L7" 

1917, 12'0" 


f « 


%. if 


I91(i, 35 
1917, 29 

The curves resemble these of (.he length of jnini. Tlie a.vor- 
iigc length and the ex(,romes are greater in Marel lia : Mkto is a 
higher start, a more rafiid risc! iun! a, steiipei fail. 


1910, 3 '5 

1917, 3 '7 

19l(i, 4,5 

1917, 30 


Sheath module (Iciigt h divided 
by width) is greater in llio 
Sarotha group. 


Number of she.atlis in the eauo, 
greater in Sunnabile, 

Length of leaf sheath in dilTer- 
ent ])arts. This is best, 
studied in tlie curves on 
Chart III, 

Channelling. This is more 
marked in the Saretlia series 
and the lamina takes part in 
it hero. 

Cal has, .shaggier and more 
marked in tlie Sumiahilo 
series. 


Scabrous fe,el ai. the tip, more 
marked in the Suumihile 
gro-up. 


1910, 4 0 

1917- Kutlia section, V 

3^8 (average 
Mesangan section, j 4’l 

l-lj 


V'^Il. — L ,\mixa 

■Marked, espoeially in the mid- 
ril», but the lamina, tako.s 
jiartattho base, especially in 
the Mesangan section. 

Not well marked, usually cov- 
ered by waxy granules and 
often thinly puboseent. or 
puberulous.' 

Not marked, either voni.rally 
or dorsally. 


Not very markerl and eontined 
to the midrib. ! 


Well 111 , 'irked, wi(h den.se. oKcii 
shaggy pnbeKeenee, ;uid some.- 
times long hairs a(, t lie sides. 


S(.rongly dov(do|)ed vetdralh- 
■•uid less ,so ilorsaily. 



Character 


Saretha Group 


Sunnabil .0 Group 


VII. Lamina — concM. 


Sorraturo haraher and more 
porsiatont in the Siinnabile 
group. 

Length of lamina in different 
parts of the cane. This is 
best studied in the curves on 
Chart IV. 


Average length of mature 
lamina is greater in the 
Saretha series. 


Extreme width of loaf. This 
is considerably greater in the 
Simna})ilo groujn 


Ijoaf modulo is considerably 
higher in the Saretha 
series. 


rinclung in above the liase is 
marked only in the Saretha 
series, 


Position of widest part of 
lamina, as jicreontage of 
length np the loaf : it is lower 
in the Sunnahile group. 


Gradients of increase and 
decrease in width, up to and 
beyond the widest part. 
The gradients are steeper in 
the Sunnahile group. 


Soft, fine, soon deciduous 


Thick, harsh and persistent. 


The curves agree with those of joint and .sheath, in tha t those 
of the Saretha series are higher and shorter, and steeper at the 
ends, than in the Sunnahile group. The lamina curves differ 
from the other two in themselves, in that, once the region of 
full grown leaves is reached, the curve.s remain more or less 
flat for a considerable time. 


1916, 4' 5" 

1917, Katha ^ 

.section, 3' 10" I average 

Mosangan j 4' 0" 

section, 4' 2"j 

1916, 1-5" 

1917, Katha 
section, 1’2" 

Mosangan 
section, 1'5" 


average 

1-3" 


1916, 3' 9" 'I 

1917, 3' 8"J 

1916, 1-8" 1 

1917, 1-r j 


1916, 35 

1917, Katha 

section, 38 averages 
Mosangan j 37 
section, 33 j 


1916, 25 

1917, 26 


AValtli at l)a 80 101 ('* 

width up ' fo 

1917, Katha \ 

section,- I 
Mosangan p’-verage 

X- GO 
section, yTj j 


1916, 0-47 of length of lamina 

1917, Katha \ 

section, 0-46 |_ average 
Mosangan | 0‘48 

section, 0'60 j 




1917, 


101 ' 


1916, 0-40 

1917, 0-41 ; 


Increase, 1917, 
Katha ^ 

section, 1 in 100 I 
Mesangan j 

section, 1 in 109 J 

Decrease, 1917, 
Katha 1 

section, 1 in 48 I 
Mosangan j 

section, 1 in 40/ 


average 
1 in 102 


Increase, 1917, 1 in 55 


Decrease, 1917, 1 in 33 


The midrib is more ]irominent in the Saretha series. It is not only wider in proportion 
to the rest of the lamina, but it is also intrinsically wider, although the leaves are narrower. 
For details refer to the table in the Detailed List of Characters, 


III. NOTE ON THE DISSECTION OF STOOLS, AS DEM ON ST I {.All Nil 

THE vSYSTEMS OF BEANCHING AND THE THICKNESS OF 
EARLY AND LATE CANES. 

The presence of early and late canes in the same cluinp has been rOe!'r<'(l 
to in the two previous Memoirs,* and a further note may here be added, in 
the first Memoir it was noted that, in the 20 canes in which measiiremeuis of 
joint length were made at the Giirdaspur Farm (in 1913-14), there were in 
certain varieties two classes of canes, differing sufiiciently widely t(» l.hrow 
the curves of length into some disorder. After more study it was found thui. 
these two classes were formed at different periods (d’ growth in the clump. Tli.e 
morphological characters of these two kinds of canes were summarizcni as far 
as possible. The first formed canes were seen to liave more joints, to com- 
mence with shorter ones and t(> be t)n the wlnde thicker tlmn those formed 
towards harvest time. It was inferred that there might be imj)ortant dilTer- 
enoes in the richness of the juice, but no analyses were available. Iii the second 
Memoir chemical analyses were given of early and late caiuis, and it was seen 
that the former have uniformly richer juice. At the same time it was shown 
that, while certain varieties habitually develop these two kinds of canes, it is Jiot 
so in others, and the presence or absence of early and late canes in a chun]) 
becomes a varietal or even group character of some importance. These i (‘sult-s 
have been confirmed by further observations, except in one respect. It 
was noted in Gurdaspur that the late-formed canes were thinner t.han those 
formed earlier in the year, and it was contended that tlie former had llK‘i'efor<' 
nothing to do with the thick watery, mostly immature, canes which ai‘(‘ seen 
in many clumps at crop time. In the varieties grown at Ooim))atore tlu^ 
dissection of stools has shown that, as regards thickness, the position is rexu-rsed. 
The first formed canes have, it is true, more joints and these are on the average 
shorter than in the later ones, Mt there is a regular series of increase.s in t.hick- 
ness from the first formed cane to those of its successive branchings. The main 
cane is the thinnest, branches of the first order are thicker, those of the second 
thicker still, and so on. The undoubted fact that this does iiot< apply i.o the 
early and late canes measured at Gurdaspur is thus anomalous, but it secuus 
possible that the latter, being developed late in the season, at a Hnui wluui 
growing conditions were unfavourable, may reflect this fact in their relative 
thinness. Further observatious are however not at present possible there. 

. _ 1, p. 38 and Mem. 2, p. 158, 
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1 take as an example of tliis increasing thickness in late-forme<l canes one 
of the Pansahi group, as it has been demonstrated that the presence of earl} 
and late canes is a character of the whole of the cane varieties includeil. in i1 . 
It will he remembered that, in, the Punjab measurements, Kafm was chosen 
as showing early and late canes most typically, and this is a local member of 
the Pansahi group. Recent stool dissections of Pamalii (9 months old) are so 
instructive that a study of one example is appended helow. The development 
of the branches of succeeding orders are so regular as to be almost mathemati- 
cally exact. In the diagram, a represents the main shoot arising from the 
bud on the set. There are two branches of the first order, ¥ and and the 
former, larger branch, is the one here analysed, c^ '', # '% e' are 
branches of the second, third, and fourth orders respectively. All the canes 
in the clump were full grown, excepting three.es, which formed strong shoots, 
cane-forming at the base and about live feet long. There were no other shoots 
than those in the diagram, which shows that the branching system was 
completed for the season. 



Branchino system oe a Pansahi shoot from a single bud. 
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The thickness cf the branches (canes), at 2 feet from tbc base, was 
measiired in each case, excepting the three cs which were only strong shoots 
feet long, and here it was taken at the base. The figures in tluiS(‘. thri'c {irt? 
on the high side, as in these late shoots the thickness of the stem diminislies 
slightly upwards. 

Thickness of branches of successive orders in a Pu/kwAf clump of canes, 
in centimetres: 


Average 


a 

1'42 






a 1*42 

h 

1-79 






h 1*79 

cl 

2‘00 

c2 1-86 

c3 

2-00 

c4. 

1-90 

c 1*92 


2-63 

# 2-24 

d‘^ 

2-31 

# 

2-26 

d 2*38 

t'l 

(3-52) 

e2 2-69 


(3-35) 

cl 

(3-40) 

e 3*29 


There is no doubt but that the cs are, in this case, to all iidents and 
purposes, water shoots.” Two photographs of another dissection of a 
Pansahi clump are appended (Plate III) which show this increase in tliickness 
in the later branches very clearly. 

It will be seen from the above that the late-formed shoots ai'(‘ branches 
of a high order and that they are uniformly thicker than the earlier om's. It 
is also very evident in the dissections that the joints of the earlier canes are 
shorter than those formed later. In the special case under consideration the 
average length of the joints in the lowest two feet of the branches of dilierent 
orders is as follows :~a 1", b 2", c 2", d 2*8", e 3", and this difference is especially 
noticeable in the lowest part of each cane, namely, in the first formed or basal 
joints. The arrangement of the canes measured, in the tables of length of 
joint in difierent parts of the cane, where the cane with longest basal joint is 
placed first and those following are ones with successively shorter basal joints, 
is thus justified, in that, if there is any well marked division into early and 
late canes in the twenty measured in any variety, it will at once become evident 
(c/. page 30). Prom the study of a very large series of tables of measurements 
of all the joints in 20 canes of each variety, always arranged in this way, it 
may be stated, as a very general rule, that the canes with longer basal 
joints have, on the average, fewer joints, but it by no means follows that a 
definite division into two classes of canes, early and late, can be made at 
crop time. We have seen that such a division is definite in members Of the 
Pansahi group. In otlicr cases the transition from early to late cane is gradual, 
In the varieties dealt with in this paper, of the Suimabile and Sar<^i;ha 
classes, all the canes were siiread out at crop time in 1917, and it was found 



Dissected stool of Pansahi, nine months old. The main stem has a piece of Isolated canes of the same stool of different 
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frr-n.crally iniposssihlc to separate them into early and late, all the interveiUAg 
stage's heing pres(‘nt. This would seem to indicate that, throughout the life 
o[ the, plant, new oaues are continuously being formed in these varieties. 

In oi'der to gain further information as to the cause of these diii’ereiices 
in the, canes of any one clump, a large number of stools of diherent varieties 
hav(^ been, disstadc'd out during the past season. One of these dissections has 
})ee.n, detail(M,l a])ove and, among others, six varieties of each of the Sunnabile 
and Sai'ctha groups liave been dealt with. In. the Saretha series, Cheni, Chin, 
Hull'll, Khari, Saretha, and Katlia, and, in the Sunnabile group, Bansa, Bansi, 
Dhor, Kaghze, Sunnabile, and Naanal were selected, aixd the dissections were 
a.nalysed to see if there was any difference in their mode of branching. This 
work is to be regarded at present as preliminary, and it is intended to deal 
with the dissection, of six varieties of each of the main classes of indigenous 
Indian canes on an extended scale during the coming season. The results 
thus far- obtained a,ppear to justify the idea that, by this study, light will be 
thrown upon the relative state of development of the different groups, as 
compared with the wild Saccharums on the one hand and thick, tropical canes 
on the othe.i‘, tliesc two forming tlie extremes of the series. 

Tile adjoining table gives the results*’ obtained for the Sunnabile and 
Saretha- (slasses, in each case the most fully developed stools of those dissected 
being selected. 

Dissection of chimps in six varieties each of the Saretha a,nd Sunnabile 
groups {a being the main stem and b, c, d, c, branches of 1st, 2nd, 3rd, and 
4th orders). 




CANK.S eon M l 
OK FOKMINl 


.Shoots 
OVK ll I’LONO 

Shoots un- 
DEU 1' LONO 

Btr kstt.no 

EODS 

P 

-n 

O M . 



« 

b \ 

a ! 

d \ 

1 

e 

Ij 1 


d 


1, 

« 1 

d 


b 


1 

e 

1 

Total 

AND 

BU 

4 months I 

r .Saretha 
group 

1-0 

3-0 

2-3 

0 

(i 

0 

3*0 

2*7 

0 

0-3 

1*2 

1*0 

0 

0 

•2*5 

2*0 

0 

6*3 

12*7 

old. j 

1 Sunnabile 

1 group 

1-0 

1-5 

0-2 

0 

0 

0 

4*0 

2*9 

0 

1*0 

3*0 

1*7 

0 

0 

4*8 

1*21 

0 

2*7 

17-7 

9 months 

r Saretha 
group 

1-0 

3-4 

5-4 

2’7 

0-3 

0 

0-3 

0 

0*7 

0 

0*3 

0*3 

0 

0*5 

2’3 

7*0 

0-3 

12*8 

11*7 

old. 1 

j Sunnabile 

1 group 

1-0 

4*5 

4*7 

0-9 

C 

0 

0-2 

0*5 

0 

0 

05 



0 

0 

0 

5*0 

2*5 

0 

11*1 

8-7 


From this table the following interesting conclusions can be drawn : — 

(1) The Saretlia class of canes matures earlier than the Sunnabile, the 
number of oaues forming at 4 months being 6*3 and 2‘7 respectively. But 
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tiio Suunabile group .at this period sliowK a greater uuiuImt ul ^hooluig 
buds- tlie figures being 17’7 for Hunuabile and 12'7 loi' SaiTiiliii, I 
seJeoted Saretha and KagJm stools, of the same age and disscal.cd at (lie 
same time, to show the difference in rate of maturing. Plio(,(>gra pins el the 
dissections are to be seen in Plate IV. 

(2) The order of branching extends further in the Siintha group, braitoiie;. 
of the fourth order being found in members of tiiis series, wlu'reas noiu' arc* 
present in the Siinnabile varieties beyond the third oi’dc*]’. Tliis fac/t, in of 
some importance as. suggesting a more primitive (diaracia'r iti the Marctha 
varieties, in that, generally speaking, the morci i)rimiti\'e a cane. I he higlu'r 
the order of its branches. This will be clear from the following. The wild 
Saccharums dissected have canes formed of branches up to the iift h ordc'r, 
whereas the thick cane varieties are usually content with the socmud or thii’d 
order. The groups of Indian canes fall between these two <‘x(.r<‘meM, and 
I have constructed the following conventional formula! for the clumps at 
maturity in each case : — 


Wild Saccharums 

u h a d 

1 2 ;{ 

Saretha class 

1 2 n 2 

Sunnabile class 

15 5 1 

.Thick, tropical canes 

1 5 (1 ?) 


PLATE IV. 



Dissected stools of two cane varieties, four months old, to show the rate of development of cane-forming shoots. 
The upper figure is of Saretha, two buds from one set. The branches are maturing much more rapidly than 
in Kaghze which is shown in the lower figure (three buds from one set. ) 





rv. NOTE ON A METHOI) OF BUILDING UP AN IDEAL CANE BY 
AVERAGING MEASUREMENTS AT SUCCESSIVE JOINTS. 


Averaging the length of the organs at successive joints of the cane presents 
many difficulties, the chief of which, is that the canes are of different lengths 
a.nd do not contain the same number of joints. Some of these difficulties 
have been alluded to in a jirevious Memoir* where it wa.s decided that, while 
six canes were insufficient for reliable averages to be obtained, meaBurements 
of twenty would af any rate demonstrate the presence of early and late classes 
of (i.iiies in the crop. The latter number has been adopted in all subsequent 
measurements, and a considerable amount of time has been devoted to the 
elucidation, of the problem. This number is considered sufficient to rule out the 
occasional abnormal variation.s an.d, if the selection of canef; is carefully checked, 
will, it is held, give fair averages from which the mode of growth, can. be ascer- 
tained. ft is ri'coguizt'd that soil, inanuring, rainfall and temperature, will 
liave cousidei'able iuilueirce, but if tliese are equal for all varieties, the intrinsic 
ditfereiKies in gi'owth will make themselves apparent in comparisons. It has 
transpired (hat environment has a considerable effect; upon growth in length 
of the organs at difl'erent parts of the cane, and characteristic curves have 
been obtained in a series of canes grown at Taliparamba, on the west coast, 
and Bamalkota, on tlie east coast, of the Madras Presidency. It is possible, 
from a glance at the curve of growth, to say at once in which of these two 
localities a,uy variety has been planted. This fact makes it all the more 
neces,sary, in comparistins, to study all the canes at the same place and under 
the same conditions. We cannot safely compare the gro\\rth curve of one 
cane grown in North India with tliat of another grown at Coimbatore. 

The twenty canes are chosen at haphazard, but the collector will obviously 
pass over such as are meagre and stunted, and the average will, therefore, be 
somewhat higher than in the whole crop. The object aimed at is to obtain 
twenty average canes which have become fully developed. Mffieu cue con- 
siders that these twenty canes will vary greatly in general height, in the number 
of the joints and in other respects to be referred to below, it would seem well-nigli 

* Meni. 1, p. 35. 
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imp()ssi}>le to o)>taiji fair averagon of snocosHiva' joiuls. Iml lJi(‘ n-Mill.t, of (ii,- 
metliod jimi omjdoyed liavo this that is s.'itisfaotoiT, flial tlio curx-t*;-, 
ultimately obtained <‘xliibit oonsiderable imiforiuity iu ('arii varit'i.y yoduii in 
the same iihice, and tliat there are well marked <lil)ereue(‘s iu i.iie em•^e,; oi 
diiforeut varieties, a study of wdiioh lias added yef. aimtlier eharnej.iT hs' wliieh 
the Suuuabile and Sandha groups may be <listi.ug(iisln‘<l. 

The organs measured are the joints (internodes), leaf sheaths and lamiuas. 
The twenty canes are cut at ground level and laid out on a luhJe and llu* 
laminas are first measured in succession from the low'est joint ujiwaids iowanlh 
the apex, until a leaf is reached only 1 ft. in length. The sheaHts id' Miesi> 
leaves are lU'Xt measur(*d in the same way and the cane is then sirippi-d, aiul 
the joints are measured until those are reached which are only one tmUli <d an 
inch iu length. In each separate joint the nu-asurement is Ihiis recorded of 
its own length and that of its leaf sheath and lamina, commencing wii.li l!ie 
lowest above ground and continuing until the youngest joints al tin- ap.cv are 
reached. There are always three or four leaf organs measured iu exct<ss of 
joints, in that some joints less than one-tenth of an inch in hmgtii alreud)' iiave 
fairly long loaves, but the exact position of any leaf on the st(*m ca,n lie readily 
fixed by counting from the base upwaivls. All measurements ui'e ma<h‘ witJi a 
foot rule divided into tenths of an inch,. 

In each variety we f bus get detailei I lengl.h measurements of tlio organs in 
twenty canes. The measurements of individual canes are tJien wu'iiheu in lines 
across the page, those of different canes being phiccal <i,ne ab(>ve the other in 
vertical columns, all coimnencing with the joint imniediately above the ground. 
They are thus arranged in a table, and in this table the cane with tli(‘ longest 
basal joint is placed fir.st, that with the next longest basal j(m..t next and" so 
on, a space being dropped between the first and last ten canes. Tlie ujiper 
ten have longer basal joints and the low'-er shorter basal joints, and. if tliert; is 
a marked difference in the number of joints in the upper and lowei- s(M-ies, we. 
have an indication that the variety is characterized by earlyand late canes.^= 
The lengths of leaf sheath and lamina are treated in the same manmu', tiu' (;anc 
with the longest basal being again placed first, so that W(‘ have tlu' twenty 
canes arranged m the same order in each series and can, at any moment, pi(d.' 
out from the tables the length of any joint and of its leaf siu'afJi and, lamina. 
We thus have ample material for the study of any correlations (>xisting latweim 
the length of the joint and the organs belonging to it. (It may b(‘ ]»oiu(;ed <mt, 

* /See previous section p. 20. 
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in passing, that other characters have been studied in the same twenty canes, 
e.g., length of leafy shoot, width of leaf, thickness of cane in various parts, and 
the canes here too are arranged in the same order.) 

The problem immediately before, us is to construct an. ideal cane as far as 
length of organs is concerned, representative of the twenty measured, and, 
for the purpose of illustration, I have selected the length measurements of the 
leaf sheaths in twenty KlmH canes, given in the table at the end of this section. 
It will be seen from this table that, while there are 41 sheaths in one cane, 
there are only 26 in another, and that there are all gradations between these 
two extremes. The average number of sheaths in the twenty canes is 32, and, 
consequently, only this number of averages is required in the ideal cane. We 
obtain it in the following way. The last eight measurements are regarded as 
tliose of more or less immature organs, and, forming the close of the series, are 
retained intact. These are placed at the end of each line, blank columns 
being left for the inclusion of the whole 41 of the longest cane (No. 19), The 
last eight columns are thus present in all the canes, but the ninth from the end 
is only present in one cane, the longest. Working backwards, the next column 
is found in two canes, the 13th in four canes, ai\dso on, until, at the 24th from 
the end, we again get all the canes represented. These two points, the 24th 
and 8th from the top of the cane, or the 18th and 34th from the base, are marked 
by arrows pointing towards one another. The averages of the columns between 
these two arrows are not truly representative, in that the shorter canes are 
left out, and, in those that have organs, these are at varying distances from 
the top, and they become less and less representative the further we proceed 
from base to apex. To bring the total number of measurements to 32, nine 
columns have to be left out, and the nine selected are those immediately 
preceding the last eight, as these measurements are taken from the smallest 
number of canes and are only representative of the longer ones. These nine 
columns are placed in brackets, and are no longer taken into consideration, and 
we are merely concerned in striking averages of the first 24 and last 8 columns. 
It will now be found that there may be a sudden break in the series from the 
24th to the 25th column, namely, where the omissions have taken place. It 
is necessary to smooth out this break and make the fall to the last eight gradual. 
This is the first alteration which it is found necessary to make in the curve. 
But there is another point to be considered. In each series the lowest members 
are short, these are succeeded by longer and longer ones until a maximum is 
reached, after which a decline follows, until, in the terminal immature mem- 
bers, there is a rapid fall As these maxima are reached at different points in 
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oanes of different lengths, the process of averaging largely rules i.lnun ouL 
And this question of maxima is complicated by the not infnsjueui u,|»iii‘iU'am;<- 
of second or even third and fourth maxima, as if Ihei'e Wiis a more (tr les^; 
defined periodicity in the grov’th in length of the parts. 1 u t lie genera 1 su m ma 
tion, these secondary maxima are also mostly ruhal mif. This is a, serious 
drawback, but, on the other hand, local, excessive vurialions, in individual 
canes, which may be due to many causes, are also ruh'd, out, wliiclt is lut 
such a disadvantage. It is thus quite possible t(^ have a fiat summation, 
curve, in. which the individual canes show several maxima and griuit 
individual variations from joint to joint. But these maxima shmihl. as far 
as possible, be represented in the ideal cane, and tbeir inclusion is om* of the 
chief difficulties in our problem. 

Tiie following .method, although somewhat arbitrary, iias been designed 
to give each maximum when possible its value, it being inevitable that all of 
them are much, less marked in the summation series tJiuii in tin* indiviilual 
canes. I'n the table, each cane is studied as regai'ds its ma.xinia, and Mu'se 
are. indicated, by dots. Lines are then drawn between f he maxima in adjoining 
canes, and dotted lines if the canes are not next to one aimther. By this svstem 
the general trend of maxima in the whole series can be semi at, a glan<H>. in 
the table given as an example, there is a certain amount of iieruxlioity of growl h„ 
and three separate maxima are often present. The first six and the last ten 
canes of the table agree very closely in their jieriodicity. Attention is now 
iiaid to the summation series at the bottom representing the avei-ages of tlie 
columns. If this series shows maxima in the right places, as judged by tin' 
row^s of dots and lines, and this is not infreipieutly the case, the figures are 
left intact, providing that there is no sudden jump to the last eight immature 
members because of the removal of unrepresentative columns. If f.he maxima 
are not shown where they would be expected, or if there is an uujuhf ifiuble 
break in the curve just before the last eight, as is often the case, arbifra,i'v 
alterations are made. But this is carefully safeguarded by making flie 
alterations chiefly in the non-representative series between tlie arrow's. Tlie 
anioiiut of actual change is, howwer, very little, as will be seen from the 
typical, but rather simple, case shown in the talile. Two maxima ari' duly 
reflected in the average series (the second maximum re])reseutiug tlie si'cmul 
and third of the individual canes merged into one), and it is nnu'elv m‘C(‘ssarv 
to alter a few numbers, so that there is a less sudden fall, in the ligiiivs. tii 1,h'e 
last eight, than is justified from a study of the whole twiody in f fiin 
region. 
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KHARL Lengths of leaf-sheaths in successive joints in twenty canes. 

(Measuroments in inches) 


Sceonil maximum 


Third maximum 


. . 1 

13-9 

11-3 14-5 .. KrO 

14-4 

13-5 

12-S 

11 -8 

11-7 

11-9 

U-S 13-4 

13-7 

13-8 


2 


.. .. 12-7 13-2 

,13-8 

1 ko 

13-7 

14-2 

13-9 

’l3-8 

14-S 14-0 

14-4 

13-7 

14-5 

.3 


13-7 .. 13-7 „.mr 

"15-5 

13-7 

11-7 

12-0 

12-G 

12-8 

12-5 12-0 

12-0 

12-2 

11-7 

t 

1 1 -5 

.. 13-9 l4-0‘ }3.,:a 

12-7 

12-5 

11-2 

9-7 

ll-S 

12-0 

12-8 13-5 

13-4 

13-4 

13-3 

,7 


12-G J3:7. 4'3-rt-"T;r-.rr4-5 

13-8 

14-0 

14-0 

11 -5 

12-0 

13-0 13:3- 

1,3 •(♦ 

'M'S 

'TO'T 

ti 

14 -.5 

m7 'ir7'2aii.:o 

13-U 

10-9 

1 1 -3 

13-0 

13-4 

14-4 

■T3‘7..14d 

11-0 

13-4 

13-3 

■ ■ 7 

11-7 

13-5 13-S J4:a-44-2'' 

■t4-<T 

14-4 

12-2 

11-2 

12-5 

13-0 

j:m i2-() 

i;r-5 

13-0 

13-0 

' S 

12-G 


.14-0 

14-5 

14-4 

11-5 

11-8 

13-0 

)2-3 13-9 

12-G 

14-4 

14-2 

9 

11-3 

lO-,) 12-0 13;9,a34t 

■t3^' 

13-4 

13-0 

12-5 

11-0 

U -a. 

2.2-5-13-3' 

13-0 

13-5 

12-7 

10 

12-0 

13-0 l|-5 13-0 11-7 

12-0 

14-9 

14-5 

14-1 

15-1‘- 

■•kvo 

14-1 14-5 

14-0 

13-8 

14-3 

11 

12-5 

14-1 U-G “T?*k4.,4-0 

13-G 

14 -G 

13-5 

12-S 

13 d 

13-4 

’ 

14-0 14 -X 

^13-2 

13-0 

13-7 

12 

10-1 

12-0 13 -0 13-0 14-0 

ll-G 

l|-4 

14-5 

12-0 

12-0 

13-2 

12-G 

12-S 13-5 

lit -3 

13 -a 

13 0 

13 

11-0 

12-2 12-1 12-0 13-7 

13-7 

14-0 

13-7 

13-0 

10;5^. 


I40 

13-0 

U-G 

14. 


14-0 

14-5 

12-0 

12-7 

13-7 

li-5 

14-1 

13-9 13-0 

13-0 

13-3 

12 0 

■ 15 , 

13-0 

13-4 'di'-3'’Tr2-'U"hl^l£.-a 

.12-5 

13-4 

14-5 

14-6 

IsT" 




5-4 

16 


10 -s .. 13-8 13-4 

12-7 

13-^J,8-< 

l4-0 

13-5 

11-7 

11-5 12-0 

12-2 

10-8 

13 3 

17 

9-6 

11-4 11-S 11-2 11-7 

13-0 

IS^" 

'l‘2'8.a2__;2 

11-5 

13-0 

13-4 13-5 

12-9 

13-5 

12-7 

IS 


.. .. 11-0 12-7 

13-0 

13-5 

13-7 

14-0 

U-l 

13-8 

110 lid 

13-4 

13-0 

12-2 

19 


10-7 11-2 11-5 12-4 

12-2 

12-4 



14-0 

13-7 

13-8 13-0 

13-2 

11-7 

11-0 

20 


.. U-4 11-5 12-7 

13-0 

13-0 

14-2 

14-1 

13-5 

13-(i 

13-0 13-7 

11-5 

9-5 

U-3 

Averages of 20 

11-9 

12-8 13-2 13-0 13-3 

13-5 

13-4 

13-1 

12-9 

13-0 

13-0 

12-9 13-2 

13-1 

12-6 

12-4'-’] 

Corrected 

li-9 

12-S 13-2 13-0 13-3 

' m 

13-0 

13-4 

13-1 

12-9 

13-0 

13-0 

12-9 13-2] 

13-11 12-6 

12-4 ■] 


2 Ti-ii M-r> ii'-u 13 -4 12-4 

•7 ]2-7 12-1 12(} 1 1 -5 ] l-r. 


ApieaJ, imraaturo rt'.nicin 

l()-3 lO-l '.(-S !»■;-! U-S (1-4 0-2 (7^1 

11 -il ir2 lO-O H-2 4 -a Ov) ! I -2 <1-1 

lli-S iO-t) l()-i) !l•2 4-!> D-rj ((-2 (1-1 

12 (t !l-() Hip !I-«I Tfi i •] 0 ;{ tii 

l()-3 11-4 1I-2 M-2 2-,S 0-4 0-2 (i-l 

il-3 K'-S l)(i S-4 3(i (1-4 0-2 0-1 

10- a D-it IfS 7-4 1-0 (l-.-l 0 2 (l-J 

11- S JO-0 lOo S-fJ 3'0 0-7 0-3 0-1 

10-3 ‘)•2 1»'U S-1 2-a U-4 (l-f U'i 

12 '7 10 -S 9-fj 7 'a J -2 ()•« U-3 0-1 


1-0 13-7 13-() 14-0 ]r)-n., 14 -.s ]3-| 12-0 13-0 12-2 ll-fi lJ-3 lO'l) l ()-4 ] i -4 7-7 7-1 6-4 oi) 0■2 0-1 

‘.{•a 13 0 12-0 13-0 13-0 12-3.J1-7 10 -3 y-s 0-4 g-o 40 (i-g 02 Od 

3-0 ri (i 13*(i 13-1 13-r) I3v- N-! 14-0 13-0 12-7 12-(’) 1 1 •{> 12-0 ll C) 10-4 9-3 9-3 ?•? 7*5 2-4 0-4 0'2 Od 

}-3 12 0 13-7 14-1 14 0 i'4d. 14-0 13-2 12-2 13-0 12-0 12-a 11-4 ll'O ll'O 10-4 9-7 10-0 9-a ,S-2 S-2 7'9 33 0-4 0 2 Od 

7-0 0-4 ,S'2 11-2 12-r, i3-r. ,, 13S 12-7 10-8 7-4 1'2 0-3 0-2 Od 

13-() 13-4 13-0 ;i2-0 10 -G 10 -S 9 '6 S-o o-? 1-2; 0 3 Od 

13 3 13 0 12 (1 13-0 13 0 13-2 13 0*13 •k. 13*0 12 0 11 -3 lOd 9d 3-9 ()'4 0 2 Od 

1 3 -0.,.4 3 -a ] 2 -0 ] 2 •(» .1 1-4 1 2 •(! I J -0 " 10 •() 10 ■() 9 -9 G -9 0 -9 0 ’i, v 0 .2 0 d 

J;M>- T5-7“ i 3-4 13-0 13d J2-0 12;3.dJ;i3.-4-2d--n'a IkO 11-2 117 ]()-3 10-(l 9'3 S-3 S-4 0-4 0-2 ' Od 

U-3 12-0 14-5 13-81,4-5 13-2 13-5 13-3 12-2 12-8 11-1 IkO 9 8 7-3 1-9 0 4 0-2 0-1 


10-4 11-4 7-7 

10-3 9-S 9-4 

9-3 9-3 7-7 

9-a 8-2 S-2 


altered to 12-4 12 d 11*8 omitted. 

13-2 13-0 12-7 12-4 12d 11-8 IkO 10-4 95 8-2 3-4 0-5 0-2 Od 


Finst maximum 


Second and third maxima fused. 
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Many summation series have been allowed to stand unaltered, in otheis 
the last few numbers have been altered to allow a reasonable drop to the last 
eight, in others it has been found necessary to emphasize a maximum or to 
indicate a late maximum by the increase of one or two figures in the non- 
representative columns. In doing this, it is borne in mind that the averages 
of a series such as this are much more uniform than the individuals 
comprising it, whether early or late, long or short, as explained above. 

In obtaining the averages for the typical cane representing the whole 
Saretha or Sunnabile group, exactly the same procedure has been adopted, 
but, in place of the figures for individual cane varieties, the summation 
aeries of ail the varieties are placed in the table, these varieties being of the 
same age and growing at the same place, under similar conditions. Similar 
precautions are taken as to the average number of organs, the position of the 
maxima and the smoothness of the series at the end. As will be seen in the 
sequel, the method is of service, in that, not only do varieties difier from one 
another in these series, but the whole, groups of Saretha and Sunnabile forms 
show difierences which are of value in distinguishing them. 

But long series of figures are difficult to follow, and they have, accordingly, 
been plotted out in curves in which the characteristics of growth can be detected 
at a glance (Chart I). As examples of such curves, are appended those, 
representing the lengths of leaf sheaths in Khar, in the shortest and longest 
canes (Nos. 4 & 19) of the twenty measured and in one which has the average 
number of joints (No. 8). Added to these is the ideal summation curve of 
the whole twenty canes examined. This latter is of mean length, is much 
more uniform than the curves of the individual canes, in that excessive 
variations from joint to joint have been ruled out, and the early and late 
maxima are indicated, although greatly reduced. The last few, immature 
organs are not all shown, and the crosses indicate where they commence. For 
other length curves, reference may he made to the paragraphs in Section V. 
dealing with the length of the several organs in different parts of the cane, 
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Y, DETAILED LIST OF CHARACTERS IN WHICH DIFFERENCES 
ILWE BEEN NOTED, WITH TABLES OF MEASUREMENTS FOR 
THE INDIVIDUAL VARIETIES OF THE SARETHA AND SUNNA- 
BILE C4ROUPS. 

The following is the list of cane varieties dealt with in this paper, with 
the locality from which they were obtained. They are arranged in p’oiips, 
and the Saretha group is divided into its red and brown sections, and in eacli 
set the varieties with thinnest canes are placed first (as judged by one of the 
crop experiments in 1917). The varieties in the Sunnabile group are placed 
approximately opposite to those of similar thickness in the Sai’etha series. 
The names of places in brackets are those of the farms from whence the 
varieties were immediately obtained. 

Saretha Groiti* 

Kathn (brown) Section 
o;n. 

1 3 Saksi (Slialijahanpur), Barabanki 
[Kathn, Gurdaspur 
liaimii (Shahj.), Barabanki 
Paniiiot 
(Chin, Aligarh 
1'5- Chunnee, Shahjahanpur 
1 * Bumiikha, OaAvnpore 

I'Q Kanmr, Gurdaspur 

t Qhynia, Barah, N. Bihar 
Burm Ghiinnee (Shahj.), Bareilly 
1-8 .S'aref/irt (brown) (Partabgarh), Aligarh 

* There are many Barmihhas and this is, I fancy, a local Cawnpor® name for a like 
cane grown there. 

I This form is quite different from the (7%w?rt around Pusa in Bihar, a form belonging to 
the yaivsahi group. 


SwNARiLE Group 


cm. 

1*3 Tern, Gurdaspur 


1 -4 Rakhra (Shahj. ), Barabanki 
[Ekar, .Jullundor 


I '5 


Dhatilu, Gurdaspur 
Kaghze (Aligarh), Pilibhii; 
(Sabour), Patna 


( Kaghzi 
I'OJ 

( Ketari 


Saretha Group 


yUNKABILE GROUr 


Memrujan (greeti) Section. 

m. 

I '4 Memn(jun, Jullunibr 

/ Sarethd (Kreon) (JiibVmipore), Aligarh 

1- 7J 

{Jiiijnnathkt, Barah, N. Bihar 
1'8 Khari (Sabonr), Burrlwau 

1'9 Hullu Knhbu (tfagafi), Nortli-western 
part of Madras 

2'0 Ganrhi Cheni. Mysore 

2- 1 iudkya (Manjri), Bombay 


I'S Banm (Sabour), Manbhvim 

1 Bun.n (Nagpur), Bombav 
SimnahiU (Jubbulpore), Ibnibay 
2‘0 *Pntli Khajec (Rarali), Assam ? 

r Khadi/a (Manjri), Bombay 
2*14 Amwwa/, Tanjoro 
\Hntle Gheni, Mysore 
2 ’2 Dhor, Seoni, Central Provinces 
2-(j Mojorah (Jorhat), Assani 


The origin of this cane is obscure. It was obtained as an Assam cane at Barali csstate 
in Bihar, but the Assam AgricultnrarDepartmcnt have not met with it. It is a very distiiuft 
cane. 


A study of this list brings out two facts. In the fir.st place, the thinner 
canes, generally, are found in the Punjab and United Provinces, and we come 
across thicker varieties as we pass south-east to Assam and down the Peninsula. 
Secondly, the Saretha group has the largest proportion of its members in the 
first named Provinces, being absent or only occurring sporadically in Bengal, 
Assam, and the South. The Sunnabile group, on the other hand, has its 
greatest development in the latter tract and. occurs only sporadically in the 
United Provinces. It is interesting to note that each group is fairly well 
represented by a few primitive forms in the Punjab. The order of arrangement, 
according to the thickness, here given, will be followed in the tables at 
the end. 


Erectness of Young Shoots. 

There is a marked d’fference in the Saretha and Sunnabile g oups in this 
respect. Considerable attention has been paid to this character for <several 
years past, in the study of varieties and seedlings grown in the Cane-breeding 
Station. Observations have demonstrated that it is a stable character in the 
yaiieties and that it is inherited by seedlings from theii' parents {Mem, 2, 



SUCCESSIVE LEAF SHEATHS IN KHARI CANES. THE 4tii. Stfc AND 19tfc IN THE PREGEEDiNG TABLE. i.e.. 
THE SHQRT^-i, MEAN & LONGEST AS FAR AS NUMBER OF JOINTS ARE CONCERNED, AND THE IDEAL CURVE OBTAINED FROM 
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pp. 30-B9). Saretki and its class are characterized b}’- (!(tnsi(l.(M'iiJ>l(‘ oblique 
ness in the young shoots, appiroaching Sa(U‘hanim sfoulaucuiti iii l.his respect, 
where, on any river bank, niinierons seedlings may be seen whicii are al lirsi 
perfeotly flat on the ground. The members of the tSuiinahile group, on tin* 
other hand, tend to jirodnee rather erect young shoots. Obst'rvations were 
made on all the indigenous Indian varieties growing on tlie farm in llHb-lO. 
when the plants were 5~6 months old, and figures have beem e.xtractiai lor the 
varieties now being considered. In each row of young cam's the (lt*viali<m ol 
the shoots from the vertical was measured by a clinometer, such us is used 
in measuring the dip of strata in geology. Two figures are recorded tor each 
variety and indicate the extremes met with. For exam})le, Nnanal O"— -25*' 
means that, while some of the shoots were verdacai, the gia'ntest dc'viatiou of 
the shoots from it was 25°. Taking the two series and striking av(>ragi's, b! 
members of the Saretha group gave fi7° against 5" 31)" for tiu' 1 2 l^imna - 
bile varieties measured, the extremes in tlie two grmi]).s beitig H)" 80" and 

0° — W respectively. This chai’acter is not an ahaoJulv oiu', and tiiei‘t> aie 
oases of overlapjhng, Puili Khajee and Mojoruh, for instantu', in tluf Kmuuibih.' 
group, are distinctly oblique {Plate V). 

' Habit and Mode of Growth. 

The Sunnahile and Saretha groups differ a good deal in general af)|>(*araim!e 
in the field, althoirgh this character is not easily reduced to measurement, it 
is, moreover, difficult to determine the exact period when com])artit>iv(* ofiser- 
vations should he recorded. These thin varieties, when gujwn in u few rows, 
soon require propping to keep them in their respeoHve })lots, and as stjou as 
this is done all observations as to habit have to he given up. An t'.vact 
study of habit has thus been largely prrecluded on tlie Guue-bree<ling 
Station. 

The Saretha varieties are generally characterized by a s])reading if iu)t 
sprawling habit, the outer branches extending widely over the plot, and the 
growth is irregular and untidy (Plate VI). It is easy, on the otJier band, tu 
keep Sunnahile varieties within tlie limits of their plots ; ther(i is a teiuh'iicy 
to a strict, erect habit and the branches at the base are closer togetbei', i’u 
this, as in other respects, the Saretha series resemble /^arrharmn. K/mifmicimi 
ill their habit. And this relative erectness of the two groups is emphasized 
by the character of the leaf tips. In the description of Punjab canes {Afmou 1 ) 
it was noted that the leaves ni Katha, Saretha, Kamsar and Lalrl soon be(m,mt< 
bent at a sharp anglejiearthe end, whereas this character was absent in nhmdu. 



Erectness of young shoots. On the left, Saretha has widely spreading, oblique'shoots and, on the right, Naanal, of the Sui 
group, has shoots more or less erect. On the left of the Naanal row is another of Saretha. 








The Chin plot with branches bending towards the observer. 
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THE SPREADING HABIT OF THE SARETHA GROUP. 
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Sunnahile as types of their respective groups. 
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Tjicfcie a ppearaucos seem io be more or less general in the groups. The varieties 
in, the Simnabile group generally have strict, bayonet-like leaf ends, and when 
the leaves heinl, they do so in a broad continuous curve. This character of 
the leaf ends adds not a little to the general strictness of habit of the group., 
as contrasted with that of Saretha (Plate VII). 

Tillering. 

The indigenous canes of India are well known to have much greater 
tillering power than the thicker canes of the tropics and, in well grown clumps, 
as many as fifty canes are b}^ no means uncommon. All the varieties g:o\\Bi 
at Coimbatore in the two groups were examined with regard to this character 
at crop time, but this related only to canes, the shoots not yet forming canes 
being omitted. Another observation was, however, made for a different 
purpose in which all the shoots above one foot in length were counted in five 
members of each group. 

(1) Each varietal plot consisted of three rows, twenty feet long, and 
there were ten stools in each row. Owing to other demands, only one row 
(that is ten chimps) was available for cane counting at harvest, The figures 
obtained were generally low, owing presumably to the poor growth in the 
plots during this season. The Saretha class, generally, had more canes 
than the Sunnabile. The greatest number of canes was found in Maksi (27 per 
clump), while Ramiii and Burra Ghunnee followed with one less in each. In 
the Sunnabile group, the greatest niimher of canes was found in Bansa, where 
there were 17, Several varieties of each series were specially poorly grown or 
destroyed by rats, but the general tendency was marked. The average 
number of canes per stool was 15 in the Saretha group and 12 in the 
Sunnabile. 

(2) In connection with another i)ieGe of work, the canes and shoots over 
one foot in length were counted in a series of varieties during each month 
of the growing season, the last counting taking place just before harvest. 
In this series five of the Saretha and five of the Sunnabile groups were included, 
besides varieties belonging to other groups. The following are the results of 
the last counting. 

Saretha series ; CMu 29. Sardlm 28, Klim ‘M. HiiUu Kahhu 22, Gimda 
Cheni (poorly grown) 16. 

Sunnabile series: Kaghze 20, Bama 18, SumiaUle 17, Naanal 15, Bhor 
(poorly grown) 12. 
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The average numbers of canes and slioots overoiu' looi in Itviigib in t.iie 
two series were 24 and IH respectively. Bnt (ieitain oilier points niay be 
noted in these figures. It will be seen, if reference^ is made (,o tin* li^i, oi va rielb's 
at the commencement of this section, that in each seih's tlK'anioimt ol l illering 
is the exact converse of the thickness of the <;a.ne in i In' viiriei v, that is, tho 
thicker canes have fewer branches. Also, the tliicker varielies of Ihe Saia't ha. 
group, Khari, Hulki Kabhu and Ganda Cheni, belojiging lo the Mi'sangan 
section, are intermediate between Chin and Sarelha, belonging to the Katha 
section, and the Sunnabile group. 

We are justified by the figures in stating that the tillering of 1 In' Saretlia 
group is greater than that in the Sunnabile, and this result is in accoi'dainu' 
with the idea already expressed that the former grouj) cont'iuns more' 
primitive varieties. 

DLssEcrnoN oe Stools, 

The mode of branching appears to dilfer in the Sunnabih^ and Saietha 
groups. This has been demonstrated by a dissection of tlie stools in six va iie- 
tievS of each group, and the branching is seen to extend to a higln'r onh'r in 
the latter group. For a discussion of this <li(Terence, reference may lie made 
to the preceding special note on the sub ject (Seduou III), 

Floweking, Ajmthesis, Seed-i-’okmation. 

There is perhaps no character in which the Saretlia and Simtiabih* grou ps 
difiermore widely from one another than in their freipiency of flowin’ing, tim 
proportion of open anthers found in the arrows and the ease with n liich seed- 
lings can be raised from them. The following are the ri'sullis obtained diulng 
the exceptionally favourable season of 11)15-1(1, when ;15 iudigi'iious Indiaii 
canes flowered on the farm. SaMfui, Lalri, Anif/nn Ar/nw/r, all flowered puf 
fusely, a matter of special interest because I bi'lievc' that tin* lasj. thrta', being 
Punjab canes, have never been known to flowm- bafon*. In iJu* same grouji, 
Chin, BarauJihu, HuUu Kabbii, Khari, Memmjnn and ('hoti ulho llowi'ivd. In 
each of these ten varieties some at least ol the arrows had ovi'r DO'h, of I In* 
anthers open. Between 3,000 and 4,000 seedlings were oht, aim'd from them, 
but this number could easily have been multiplied ten times if it was I hough 1 
advisable to do so. It may be mentioned that, in Nojih India, a few cam's 
flower sporadically every year and these are usnally Khari ami Barvllm of t.his 
group, and they are practically the only canes which d,o so, as it has lamn 
found safe, when noting cane arrows in a plot, to assume that ('ither Baretha 
oxKhmik present. Turning to the Sunnabile group, Dhor ami Kaghzv flowcrtal 
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in 1915-16; none of their stamens were open and, in tlie pans sown, not a single 
seedling germinated. None of the other members of the group flowered. 
The capacity for flowering and the fertility of the arrows would thus appear 
to be an important character in the separation of the two groups. 

Since writing the above, the 1916-17 results have become available. In 
the Saretha group, Katha, Lain, Mesangan, Kansas, Chin, Chtmnee, Saretha 
(green) and Saretha (brown), HulUi Kabbu and Gandci Cheni flowered. The 
last named had 62% of anthers open in the arrows and all the rest over 80%. 
HuUu Kabbu and Ganda Cheni did not produce seed which germinated but, 
wherever the others were sown, they produced masses of seedlings. In the 
Sunnabile group, Dhaulu, Ekar, Hotte Cheni, Kaghze, Putli Khajee and 
Moprah, all pi'oduced a few arrows, but iu none of these were any of the 
anthers open and no seedlings were obtained in the pans sowji. Here too, 
then, the tliicker members of tho Mesangan group showed an approximation 
to the Sunnabile group. 

Number of Dead Leaves, Length of Cane bearing them, Length of 
Living Shoot, and Total Length of Plant. 

TJie general heiglit of canes in the field is not readily discernible in small 
j|)lots where the plants are grown in a few rows. The heavy nodding masses 
have to be supported, and, this being especially the case with thin varieties, 
they lose moreof their height than the thicker ones. But certain observations 
liave been recorded which give us information on this point iu an indirect way. 
These observations are detailed in the heading of this section, twenty canes 
being carefully measured in each variety as usual. In the 1915-16 crop, seven 
varieties of the Saretlia group and ten of the Sunnabile were thus studied 
before the plots were destroyed. But the canes had been over twelve months 
in the ground, the plants were overgrown and the end portions were twisted 
and shooting, so that the leafy shoots were frequently drying and irregular. 
It was accordingly decided to repeat the observations on the 1916-17 crop at 
an earlier date, especially as a much larger number of varieties had been separated 
out as belonging to the two groups. Eighteen members of the Saretha group 
and fifteen of the Sunnabile were examined, when about nine months old, and the 
leafy shoots were intact and vigorous, while the canes were still comparatively 
straight. But in this case, as noted elsewhere, the grov1:.h in many of the 
varieties in both sections was very poor and the figures must be considered 
as distinctly below the average. In spite of these drawbacks, the general 
agremneiit of the proportional figures in the two sets of observations justifies 
the bdiefihat there are real differences in the Saretha and Sunnabile groiipts 
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in tko oLaractors mentioned. Tkiwinay l>e wum from a. study ofiJie a.piM'tidi'd 
table. 
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It a])peai‘s from tlie talde that, at any friven period, (,lu>n> are mor»> joints 
with dead leaves iii the Snnnahile grimji, hut, in B|iite <ji' this, tlic |i(iri.iuus 
boarijig these dead leaves ate lunger in the Siu'elhu series, li'rmii this it 
appears that the lower joints are long, o' i,i the Saretlia group. 1,, the ileail 
leaf portion, at twelve months or over, -Jh Haretha joints imoisor,. 7' 7' while 
32 Sumiabile only reach 7' 5", while at nine months ID of the tonmo nieasm-e 
i' 8' while 16 of the latter only reach I' 2*. h’nrti.er, the living lenlv shoot is 
uniformly longer in the Saretha series by 6" or s". anil thus we nr,. p,.,'.j,nre,l f,,,- 
the independent results obtained in the measui'ements of tlie total lengths of 
the plants of the two scries laid out on the gi'ound. /it loop time, tliii avioagi' 
lengthy the Saretha series was M' o'to 13' -I" for the Somuihile .sioies while 
the diherenoe was gi'eater at nine months wlien the liguri's m-iv 1 1 ' ;j' ,,,,,1 
10 r respectively. These results tally with those given later, wh,.,, it is shown 
that the average cane, joint and loaf are longer in the , Saretha group than in 
the Suimabile series. ' 

Cank Measurements. 

joitbh, aieiage thickness oj cane ^ and mm module, 

hut at varioms’ times u,i,l in variou.s pin,.,, 

ut. .or the sake of comparrson. two only of these sets of ohservatimis will li,; 
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considen^d here, in that the varieties were grown together in adjoining plots 
under similar conditions. The first set of figures was cjbtained in the 1916 
crop when seven of the Saretha and 10 of the Sunnabile groups were measured 
and the second was obtained in the 1917 crop when 18 of the Sarefcha and 15 
of the Sunnabile group were grown. The measurements are summarized in 
the following table, where in each variety 20 canes were measured in detail 
from ground level to the young growing point. 


Average cane measurements in the Saretha and Sumiabile groups. 



Saeetha gkoup 

Sunnabile group 


1916 crop 

13 months old 

7 varieties | 

1917 crop 

9 months old 

18 varieties 

1916 crop 

13 months old 
10 varieties 

1917 crop 

9 months old 

15 varieties 

Length of stripped cane 

97-2' 

76 •9*' 

92 -r 

64-0'' 

Number of joints 

33 

26 

40 

27 

Average length of mature 
joints 

3-9'' 

3*8' 

2‘S" 

3-0" 

Average thickness of cane ... 

0-67' 

0-66' 

0-77" 

0'74*' 

Oane module 

j 146 

115 

119 

i 


The length of stripped cane, from ground level to the first joint at the 
apex one-tenth of an inch in length, is constantly greater in the Saretha 
series, whereas the average number of joints is as constantly less in this 
group. It is not therefore surprising to note that the average length of 
mature joints (omitting the last eight, immature ones at the apex) is greater 
in the Saretha than in the Sunnabile group. 

The thickness of cane has been averaged as described in the next para- 
graph, and there is a close approximation between the results obtained and 
those taken more casually, in a general survey of the whole of the canes of 
each variety at crop time, when they were laid out on the ground. The canes 
of the Sunnabile group are, on the average, thicker than those of the Saretha 
series. And this fact, taken with their comparative shortness, causes the 
cane module (length divided by thickness) to show a greater difference still. 
The cane module is much higher in the Saretha group, indicating that, 
as a class, the canes are thinner and longer than those of the Sunnabile. 
varieties, 

(2) Ovalness and thichness indifferent parts oj the cane. The estimation 
of these is based upon the same series of measurements. To obtain the 
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thickness, each oano is moasiiml in tliree places, at tin* base, in the mifhih' :i,iul 
at the highest mature joint, ami these measunmumts aiv inadr. hy mean:', 
of calipeiA, ill twfMUivntious, ruediai) or in tii(‘. jdaiie of the hmi.aixl latnal, 
or at right angles to it. 




1 Sakktha Giioui* 

Si NN VHll.M <«l:oi 1’ 



; 1916 crop 

1 cm. 

1917 crop 
cm. 

1916 crop 

, 1917 crop 

Rase 


... ! n6()-l-69 

1 r67-I-72 

i-x'i i-iri 

1 1 'SIM •'Jo 

Middle 


... i 1 66-1-74 

1 ’70-1 -70 

1 -HS 1 -no 

' l'HSl-9(i 

Top 


... 163-1 -TO 

lT.M-d6 

l‘S9-‘2-n3 

l-n7 1 75 


Of thes(‘ ligunisi.he first is always la1;era.l, and it is seen that ovuJnesK is a 
constant character, the median thiidciu'ss being a,lwa.ys gia'ater tJiau Idle lateral . 
There is little d.ilTerenc(‘ lieweeu the two groups iii ovahiess, Imt •Sinmabile 
canes are slightly more so tlia.n Sa,r(‘tiia.. it was noted in, examining the cam's 
that a few’ (d’ the thinner tSaretlia varieties had adniost cylindrical canes a 
rather rare ])henomenon -an<l this probalily accounts for tin' di lTerence in the 
averages. As to thickness in dilTi'ivnt parts, at nine months, the middle of the 
cane is thickest, then the l)as(>, wliih' the apex is thimu'st. This tliiiuiess of 
the a])ex is less jironoimced. in the mature canes (I DJI) crop) and, indeed, 
conditions are reversed and tin' a^iex is thicker than tJie base in botli series. 
This is especially noteworthy in the tSnnnabile series, wliere tlieapex is tiuidvest 
in rii>e caucs and the base the thinnest. Thickening of tin* afiex in Indian 
canes is by m> means an unusual character, ami it is jirobaldy the 8aretdia 
series rather than the Hunnabile which, is excn'ptioiial in tliis resja*of:. 

(3) The variation in the. length of joint in fliffvrnit /w/tv of the ninv can 
best be studied in the accompanying curve, in ( ■hart II. whiedi represi'nt a 
summation of the curves of all the varii'ties in each group. ;\s before, theiv 
are two sets of measurements, those of the Ibid and Ibl 7 crops, and in (>acli 
case 20 canes were taken in each variety and. tiie length (d' successive j.diits 
measured from ground level to the apex, until a joint only oned.i'utli of a,n 
inch was reached. It will be obvious that tlie preparation <d’ tlii'se curves has 
entailed a very considerable amount of labour, d’o iiusisure tin* joiiU s in a 
variety wdiose 20 canes average 32 joints each, means (i 10 iiuli vidual imsisure 
meiits, and the summation series of 7 such variidm's means 1, bSO nu'asiire- 
nients, lh.e Sunnabile curve of 191(5 Is liasi'd on iS,200 nK'asiiia'nients, wliile 
that of the 1917 series is the result of a yet greater numlx'r id' measurements. 
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Tlie followiiiff arc the average lengths of joints of Saretha and Siuuiahih' 
in the two seasons, in inches : — 

1916 crop. Saretha series. 7 varieties. 3*7, 4‘1, 4‘5, -1’7, Idi, 4-6, 4‘5, 4-5. 

4-4, 4-3, 4-2, 4-1, 4-;i, 4*1, 4-0, 3-9, 3*8, 3*7, 3-5, 3-3, 3“1, 2dh 

2-7, 2-5, 2-3, 2-0, 1*8, I’S, I'O, 0-5, 0-2, 0*1. 

Snnnabile series. 10 varieties. 2‘6, 2*8, 3*1, 3'3, 3‘3, 3‘4, 3'1, 
3*3, 3*3, 3-3, 3-3, 3*2, 3*2, 3*2, 3*2, 3*2, 3*2, 3*2, 3*1, 3*0, 2*9, 

2*8, 2*7, 2*6, 2*5, 2*3, 2*3, 2*1, 2*1, 2*0, 2*0, 2*2, 2*0, 2*1, 1*9, 

1*7, 1*4, 0*8, 0*4, 0*2, 0*1. 

1917 crop. Saretha series. 18 varieties. 3*4, 4*(), 4*3, 4*6, 4*6, 4*4, 4*3, 4*J , 

4*1, 3*9, 3*7, 3*5, 3*3, 3*2, 3*0, 2*9, 2*9, 2*8, 2*7, 2*3, 1*8, 1*4, 

1*0, 0*5, 0*2, 0*1. 

Sunnabile series. 15 varieties. 2*7, 3*1, 3*3, 3*4, 3*4, 3*5, 3*5, 

3*4, 3*4, 3*3, 3*2, 3*1, 3*0, 2*8, 2*8, 2*7, 2*4, 2*3, 2*2, 2*1, 1-9, 

1*7, 1*3, 0*8, 0*4, 0*2, 0*1, 

but these figures convey coinparatively little to tlie mind, andtliey are 
accordingly plotted out in curves w4icrc the black lines refer to the Saretha 
and the red ones to the Sunnabile group. The thinner lines, in each case, 
refer to the nine months (1917) crop, and the heavy lines to the fuller 
grown 1916 crop. 

(4) Our The two Saretha curves resemble on.e another in their high 
conimencement, their rapid ascent and steady decline after an early maximum. 
The Sunnabile curves, on the other hatul, start lower, have a more gradual 
ascent to a lower, later maximum, are more tardy in. their descent and 
ultimately cross the Saretlia curves. The curves are lower, flatter and longer 
in the Sunnabile series. In the Saretha series, the joints are longer at the base 
and rapidly increase in length to the 4th or 5th joint, after wliioh they steadily 
decline to the apex. In the Sunnabile series, on the other hand, the basal 
joints are of average length, they become lon.ger upwards till the 6th or 7th 
joint and after that gradually decrease in leJigth, with occasional sections in 
wdiich succeeding joints are of equal length. There are more joints in the 
Sunnabile series, st) that before the immature, apical joijits are reached, they 
overtake the Saretha series ami are at the end longer than these. In the 1916 
canes the 23rd joints are equal and the succeeding ones in the Siumabile curve 
are longer, to the end. These general characters of the curves of joint length 
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in tlio two groups of canes should he home in niiinl, hecauso. l.ln'V an- motv (tr 
less repeated in the length, curves of the leaf-sheath and laniiiui, jun! eiiiphiisiz<‘ 
the fact that the organs in varieties of the Baretha se,ries arc* longco* tlian (hoso 
in the Sunnahile grouj), and that the maximum devc^lopment talc<*s jclaca* 
in the former group in all cases. The Baretha cajie develoj)s more rapidly in 
all its parts. 

We have now at our disposal the data oji Avhich to build the ideal <!ane foi* 
each group, in that we Icnow the relative le.ngth of joint in each, as well n,s the 
variations hi thickness at different points, aiwl to com^ilete the pi(i(.ure a. 
reference may be made to a preceding paragrajih where the thi<<kiu'ss of tin* 
canes in different regions is discussed. Tn j)ref)aring such a. sidn'ine for an 
ideal cane, it must of course be borne in mind that those paitimilar cnuxc's 
refer only to canes of the two grou])s grow,n in tlie Oune-brc'c'ding tSf,alion. 
The growth of canes of any one vuj'iety varies considerably wifJi climate* and 
soil, as has been abundantly demonstrated by nieasiirc'nu'nts taJo-n. af. various 
places in North and Soutli India. Buf; the main di dercuioes Ix'twcs'n tlu^ (wo 
groups, shown by the measurements and curvcis, apjiear to hold good wherever 
the canes are growui under identical conditions. 

' Colour of (Jank. 

Observations on the colour of canes are extremely dillicult, and the residt.s 
are often confusing. This is not only due to the .fact thal; tin* colour of a, 
joint varies constantly wit.h its age, but a.lso t-hat it is aiTe(f(;ed by the [irc'seiuie 
or absence of bloom {which is often partially rubbed oil), and the blushing of 
parts wdiich have become accidentally uncovered by the leaf sin*aths and 
exposed to the sun and w^eathcr. Fiiithermore, tin* colour of some canes is 
known to change considerably after being cut, while it do(w not in otlu'rs, 
and the same applies to canes taken from one locality to another, wliere some 
assume a totally different tone in the iiew conditions. Tin* pivsi'nt summary 
is based upon a series of observations at different stages of growth iii l.lui canes 
harvested in 191() and 1017 in the Cane-breeding Station, ohe(;ked to a large 
extent by notes on their colour i,u the localities from wdiich, they have beam 
collected. The views of different observers have been (tollalx'd, and tlies<’ 
latter included general, bulk observations made in the held and (Id-ailed 
analyses, joint by joint, in the laboratory. 

One of the first results of this study has been the diwjovcry of a distinct 
cleavage, in the Saretha group, into those wdiicli develop b.roAvu markings (m 
the stem and those that do not. The former include most of the thin, j)i'imiti vc 
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oanes of tlie Punjab and neighbouring parts of the United Provinces, whereas 
the latter consist chiefly of the thioker canes of Bihar, Assam, and the Peninsula. 
But, just as, in the Saretha and Sunnabile groups, prototypes were met with 
in Katha and Dhauhi, of the Punjab, so here, a primitive, green cane of tlu‘ 
Saretha group is met with growing with these, namely, Mesangan. 

The brown canes of the Saretha series, which may be termed the Katha 
section, are as follows, in the order of thickness: — Rakhm, Katha, Eamui, 
Lalri, Ghin, Chunnee, BarauMia, Kansar, Chynia, Burra, Ckunnee, Saretha. 
Those of the Mesangan section are Mesangan, Saretha (often called Dhaur 
Saretha), JaganatMa,, Khari, Hullu Kahbu, Ganda Oheni, Kalhya. With the 
exception of Mesangan, the whole of its group are almost as thick or thicker 
than the thiclcest of the Katha secrtion. This division of the Saretha groujj 
into two sections appears to be a real one, for, although united in most characters 
and opposed to the Sunnabile group in these, they differ in a number of charac- 
ters, in that the Mesangan section often tends to occupy an intermediate posi- 
tion between the Katha section and the Sunnabile group. 

In the following description of colour in the stem, it will be found con- 
venient to consider the" growdih ring and the root zone separately. The rest 
of the joint will be studied, in succession, as to its general tone of colour, striping, 
black incrustations (cell outgrowths), bloom, blackening (fungus on bloom), 
and corky markings. The two sections of the Saretha group will, as far as 
possible, be taken together, differences between them being pointed out where 
they have been observed. 

(1) General eolour. Saretha group. Colour much obscured in the lower 
parts by weathered bloom, and usually dirty there. Brown, bone yellow, 
green or grey, occasionally light purple (brown, covered by bloom) at the 
base, passing upwards to yellow, glaucous green, green yellow or grey, and 
finally to greyish or glaucous or whitish green or even white at the top owing 
to excessive bloom. In the Mesangan section the browns are absent or 
extremely rare and, consequently, the joints are rarely light purple. The brown 
occurs as patches, or streaks or a general tone, and increases noth age. It is 
therefore more marked in the lower parts of the mature cane, 

Sunnabile group. Brownish stone-coloured or glaucous yellow, occasion- 
ally green, below, passing upwards to clear light stone or greenish yellow, with 
distinct green patches at places where the cane is bent ; finally, to clear stone 
yellow, occasionally greenish yellow or dull green, at the top, Butl?' Khajee 
is a vivid grass green cane and Ketari has a general greenish tinge, when com”' 
pared with the rest^ 
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(2) Striping, The observations on this point must lx* <!ousi(bo'('<l, inooiu, 
plete, for, with only 10 to 20 canes examined, it is tjiiite possilde that Mu' 
character may have escaped notice, and maybe ooly yery ocHiiisiouaJly prostmt. 
iStripinf^ has not been met with in any of the Kutiia section of t in* Sai'c'Mta 
group, four out of seven of the Mesangan section lia.\x‘ shown it, whih* it has 
])een noted, usually with great ease, in fourteen out of hfleen of tin* iSiinnubih* 
group, Dhmdu alone appearing to be without it (in tin* obsi'rvatiotis recorih'd}. 
This striping is extremely faint and consists of fine purph* liiu's on tin* iow«‘r 
])arts of the canes. 

(3) Black imri(siuti()n.s. This is a marked chara(t1,er in all the \'arietie,s 
of the Saretha group and is totally absent in the Sunnabih* seri<*s. It is thm-e- 
fore a ])rime character. Its nature has long lieen a jviizzle. but a series ol' s<*(e- 
tions have demonstrated that it is caused by the (‘ulaagnmumt and pintriisioii 
of certain epidermal cells whose, contents assume a brown anil. ultima<;ei\- 
charcoal black colour. It is an obvious roughness on the surface and hence 
has the appearance of an incrustation, anil was at first t;lioughl. t;o bt* caused 
by the bites of minute insects or mites ; but no exuvue of any kind have IxH'n 
found. It occurs typically in the groove -nvhich is absent in the Sunnabih* 
group but may extend to all parts of the joint, and sonietiiiu's occurs in smih 
masses that it gives a characteristic colouring f;o the whole cwine, especially in 
its upper ])art.. It is worth while recording that a similar blaclv o»' Inowii 
incrustation is very commonly met witli on the si, runs of Samhannn .ymiilwmifn, 
including tlie Dacca water form. 

(4) Bhom, The waxy layer of the epidermis ap]a‘ai*s as thicik lavn^rs of 
bloom in the KSaretlia class, especially in upper parts of the (taiu's. jt sonu*- 
times difficult to make out the limits of the bloom band, b('(;uus(' of tin* exlent 
to which this layer of bloom descends <mn the joint, and it is not uiuaumuoii 
for the whole upper part of the cane to become grey or (*ven whit(^ b(*(raus(' of it . 
Ihe Katba section has more bloom than the Mesangan and this adds to tin* 
differences of the two sections in colour. The bloom bamls, (‘xcepting in ih,, 
case noted above, are rather aistinct in the group, but Ix'conu* obscim-d hv 
weathering in the lower parts of the cane. In the Bunuabik* group Mu* bhx)m 
is not heavy and it descends over the cane surface to a miKih. ](*ss degn'i*. Tin* 
bloom bands are not usually so conspicuons, but this is partly diu'fo Hu* 
yellow colour of the canes ; in 

stand out very distinctly. The quantity of bloom on tlu* (raiu*s of Mu* iw*, 
groups varies very consistently and this therefore one of som.* 

importance, 
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(5) Blackening is induced by the growth of a minute fungus upon the 
bloom or waxy layer of the outer walls of the epidermis, and is present in all 
canes. Although variations in blackening have not at present been studiefl 
in different localities and climates, it would be natural to suppose that, where 
there are thicker masses of wax oi\ the stem, the blackening would be more 
widely spread and denser. This, however, does not appear to be the case, 
although there is a considerable difference in its occurrence in the Simnabile 
and Saretha groups. In the varieties of the-, latter, with large quantities of 
bloom, blackening is fairly common, but it is rather faint and diffused, as if the 
cane surface liad been lightly smudged woth soot. On the other hand, in 
almost all of the Sunnabile group the blackening, whether abundant or com- 
paratively scarce, is intense and sharply circumscribed, contrasting markedly 
with the bright yellow stems. Blackening of the stem is thus a character of 
some use in separating the two groups. 

(6) Corky markings. These are, as already intimated, essentially splits 
in the epidermal layers, although it usually requires a lens to determine this 
fact. They were called “ ivory markings ” iii Memoir 1 , but the ])resent term 
appears to be more suitable. Tt a]>pears possible that the locality in whicli 
a cane is grown may have considerable influence on their development, in that 
canes, whicli were noted as having very few corky markings in their native 
habitat, have developed them copiously at Coimbatore and nee. versa. Corky 
markings cannot therefore usually be considered a character of much importance 
in classification. When we remember, however, the black incrustations which 
are so uniformly present in the Saretha series and as constantly absent in the 
Simnabile varieties, it is worth while examining the corky markings of the two 
groups more carefully, as in each case we have to do with the epidermal layer 
of the cane stem. A careful study of the corky markings, in the different 
varieties comprised in the two groups, has convinced me f hat there is a difference, 
in their mode of development, although this is not easy to exjoress. For one 
thing, these markings are, with few exceptions, much more abundant and 
striking in the members of the Sunnabile group. And there seems to be a 
difference in their mode of development, as will be seen from the following. 
There appear to be three different modes of occurrence in the cane varieties 
undei' discussion. 

(a) Long, thick, parallel lines, rather widely separated and extending 
from the base of the bloom band about two-thirds down the length of the joint. 
This form is practically universal in the Sunnabile series although not noted 
ip the Saretha varieties. It not infrequently happens that, in a cane with 
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comparatively few corky markings, a joint is met with liigh up, wliinl. is simply 
crowded with them, hut the meaning ot thia is not a}){)areut. 

(&) Short, fine, wavy, closely packed markings, oc(airnug Iten'uiul tliere 
over the joint, and those at the top sometimes passing into the l)l<H)m hand. 
This form is more frequently met in the Saretha series, alt.hougli ii> also occurs 
between the strong parallel lines in some Siinnahile v^irieties. 

(c) Short, irregular splits, obvious to the naked eye as such, whicli appear 
as c,racks through the bloom band. These cracks are unlike the cm-ky markings 
mentioned above, but are presumably of the same nature, m that the other 
forms sometimes pass into them. They are present in many varieties of both 
series. Eotte Gheni has been singled out as a form in which all of tlu'st' iorins 
of corky markings are abundant. 

{7) The ooloiir of the growth ro()t cw/c.s-, like llie bloom band, 

sometimes adds considerably to tlie geimral elTect of tlu' cau(‘ c.olour. Tlius 
the strong white bloom bands, contrasting witli tln^ brilliant gns-n <»f FuiU 
Kkijee, give it a very striking appearance. In the saim^ way (he efi’ect. of tlui 
colour in the growth rings and root zones depends on (he geiuual t(m(^ of the 
cane, and the bright green colour of thes(‘ liands in PkIH K/iajee makes it 
difficult to distinguish them. 'Hie colour of the growth rings de})emls a good 
deal on exposure, the general tcuidency being for tliem to assuim^ a ilarker 
colour in exposed joints. This is especially noticeubhi in the brown (;anes of 
the Katha section of the Saretha serit's, where the colour is usually strongest 
at the upper and low(‘r margin of (he ring. This dense browmiug of the growdh 
rings adds considerably to the geiieial bmwn effect of the cane colour. The 
colour at this part of the joint is usually ratlier lighter in the. green canes of th(‘ 
Mesangau section, but the contrast with the glaucous green or glamams ytOlow 
of the rest of the joint often renders them distinct. Tn the Sunuabile group, 
on the other liand, the growTh rings are distinctly faifit('r, being ofd'n ratlun' 
brownish yellow than brown. They are usually most <;learly seen in tiie 
middle of the cane, where they contrast sharply with the clear stone yellow, 
but they are obscured below by their similarity to the gemual cam.' colour. In 
the younger parts, the growth rings assume a greener tinge. This is ('s])ecially 
the case in the canes of the Katha series, wdiere they are oft.oii narrow and 
distinctly depressed. They are green or brown green in the young joints td’ 
the Mesangan section and often more brown than green in the Suniiabilc 
group, where also the depresvsed oliaracter is less evidemt. Tlu‘ root, jkuk's are 
not usually very conspicuous, often taking on the colour tone of the rest ot 
the cane. They are, however, generally paler or yellower. Tliey maj" be 
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destti'ibed as brownish oreaiu below, gradually becoming a lighter cream oolrair 
and often bloomed in the young joints at the top. The ro(rt zones of the 
Sunnabile group appear generally to blush a bright green on exposure, aim ai'e 
then very striking, as the eyes remain a clear yellow. There are traces of 
this green blushing in the Mesangan section of the Saretha group, but it 
appears to he absent in the brown canes of the Katha section. 

Joint Characters. 

The characters of the joint have been largely included in the preceding 
description of the cane as a whole. Such are the number of joints in the cane, 
their average thickness and length and the thickness and length in different 
parts, the colour of the joint, including bloom band, root zone and growth 
ring. A great deal of time has been spent in observations in the shape, of the 
joint and descriptions have been recorded from time to time on the aspect of 
the joint both in the median and lateral planes. But, although it is felt that 
there are differences, these are not very striking or easy to put down clearly. For 
one thing, the shape of the joint varies a good deal with its length, differences 
in diameter at various points being emphasized in shorter joints, and thi.s 
introduces a further disturbing element in the analyses. There are, however, 
a few other points, not yet dealt with, in which joint differences have been 
noted in the varieties of the Simnabile and Saretha groups. 

(1) ffroow. The presence or absence of a groove or dejnession immedi- 
ately above the bud, often considered of minor moment, turns out to be a 
character of first importance in our comparison. The groove is always present 
or indicated in the Saretha group, while it has at present never been met with 
in any variety of the Sunnabile group. The groove varies, it is true, a great 
deal in its development, sometimes extending distinctly from the bud to the 
bloom band above, and at others merely indicated by a flattening of the surface 
or a small depression above the bud, the rest of the joint being evenly rounded. 
It is worth while drawing attention again to the black incrustations already 
described, as there seems to be a distinct connection between these and the 
groove, and both are characteristic of Saretha canes. 

(2) Oirelef of hmrs. The vestiture of the leaf sear appears to offer useful 
distinguishing characters. This might have been expected, because we have 
elsewhere been led to consider the circlet of hairs, with its attendant scar baud 
of felt, as suggesting a primitive relationship. This circlet of hairs is well 
developed in and characteristic of all the members of the Saretha series. Tiiere 
is some evidence that its development varies to some extent with oliinatio 
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conditions, for in 1910 it was poorly shown, hut in the .same (;o,n(^s ii; wa,s well 
developed in earlier years, both on the (Jane-hreeding Sliatiuii and in tho.ir 
native habitat in the north, In the Simnabile grou]), on the oilier lumd, th(‘. 
circlet of hairs is altogether absent or present only in tli,(‘ lowio- joints, and 
then rapidly disappears upwaivls, althougli this is not so pronounced in !\<ii‘/ir<i. 
and Kaghze. , 

(3) Scar hand and scar line. Below the circlet of hairs and passing Into 
it from the bloom band is the scar band. The latter consists of a liand of close 
pubescence, of a dull dark or grey, sometimes greyish green, colour, while the 
scar line in the same position is, typically, a sharp, smooth, Juiirless, dark 
brown line. In some cases it is difficult to distinguish Ixd.Wi'eu tlu' s(!ai* baiwl 
and scar line, as the latti'r may be Broad and ill-ilefined and the fornun- may 
bo rather sharp aj id narrow. But, 'taking the vaiieties as a wlioli', tin* Sareiha 
group is characterized by the presence of a scar baud while the* tSunnabile 
varieties, as distinctly, show a scar line. This scar line in tin* laltiM- serie.s, on 
the other hand, is not nearly so distinctive a cJiaracti'i: as tiie slmrp, darlc 
brown line of the Mungo group. It is often broad and ratluu* ill-defined, so 
that it is sometimes difficult to separate it from a band in certaiji paits. 

We have now met with three characters which point to the Saretha group 
comprising more primitive varieties with distinct ooiuuaiting links with SmxM- 
rum spontaneim, for the circlet of hairs is often almndautly d(‘veIoped i,u the 
latter. The dissection of the stools, black incrustatiojis and cindi't of hairs 
all show such a relationship, and in each of these particulars fhe Bunnabile 
series is sharply marked off from the Saretha gronj). 

(4) Qroivth ring. These, are nsiially (hviinite, at the ujiper and lower 
margins, in both series, although, in ceri-,ain of tlie Baridha seth'S, the iijiper 
margin is wavy and there is a tendency for the dark colour of the growth 
ring to invade the joint above and root z< me below. This (lefmitencss it may 
be remembered is absent in many of the Mungo grou]) and in many thick 
canes.^ The growth rings are usually not wide excepting at bends. From 
a series of measurements hi the laboratory, it ajipears tiuit tiu^ width of 
the growth ring bears no relation to the size and thichmess of the <;an(‘. ''riu* 
averages of the measurements of breadth are as follow in 10 (janes of <>ach 
variety (top, middle and bottom being separately nujasured) - 

Saretha group , Brown section .. .. 0*,n" 

1^0 .Green section ,. 0*14" ‘ 

. Sunnabile group 0*0S" 

i ^ Mein-. 1, p, 23. 
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Thus tlie Suimahile group has oousiderahly nariuwor groivtli rij\gs. 'it \h 
possible that this may have some relation to the fact the Suiuiabile canes ai‘i^ 
straighter, thJcker, shorter and less liable to bending, for tlie growth ring 
oousisi;s of meristematic tissue w^ich comes i]\to activity an<l bj’oadeiis where 
any bend occurs. 

(5) Root zone. Measmements of the width of root zones lead to a different 
result. The thinner canes, generally, have narrower root zones than the 
thicker. The following are the averages of measurements taken at the same 
time as and similarly to those of the growth ring. 

Sa'retha group Brown section .. 0*22" 

Do. Green secljion . . . . 0*25" 

Sunnabile group .. .. ..0*34" 

The root z<mes of the Sunnabile group are thus cojisiderably wider than 
in both of the Saretha sections. This is more striking in that the growth 
rings are ]iarrower in the Sunnabile series, and the relative width of growth 
ring and root zone in the two groups is very different. The root zone is almost 
half as wide as the growth ring in the Saretha group but less than a quarter as 
wide in the Sunnabile group. 

The shape of the root zone, when viewed from the side, appears also to 
differ, but it is not easy to put this down clearly. .Tn Saretha the ro(jt zone is 
usually slightly swollen in the lower part of tlie c*,ane, then becomes straight- 
sided and then, towards the apex, it often narrows downwards. In the Sunnabile 
series it is not usually swollen below and quickly passes to the condition of 
narrowing downwards. Of course, swelling below is dependent upon the stage 
of development of the adventitious roots, but the canes examined were all 
resting in this respect. 

The root eyes seem to differ rather more in the two groups. They are 
usually very difficult to make out in the joints of Saretha varieties and are dis- 
])osed in tw^o or three equidistant and more or less similar rows. In Smmabile 
they are usually more distinctly visible, are rather more abundant (2-4 rows) 
and are characterized by the lower row being distinctly separable from the rest. 
The eyes are much larger in the lowest row, and there is often a considerable 
space between it and the rest, which are congested in the upper portion of the 
root zone. In Putli the eyes are especially, munerous, those of the 

lower rows are large and corky and run mto one another, while the upper rows 
arc very irregular and consist of closely packed small eyes. 

To sum up the differences observed, other than colour, in growth rings 
and root zones, Saretha has wider growth rings and narrower root zones and 
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tilie eyt's in tfie latter are uniformly dis])ose(l. in t\v<t or thi‘('e rows. 'FIk^ 
growth rings are narrower in tlieSunuabile s<uies and the root jk<hu‘s are widor, 
and, often contain more rows of root eyes, tin': lowest ol wliieli is sc'jiaj'aljle 
from tlie rest and has (wes t)f a (!f)nsidei'a])ly largeT’ sizes 


Bud CHARAfiTISRS. 


In comparing varieties of sugarcane, one always turns to the biid. as an 
organ in which it is safe to find differences in one form or another. 'riu‘ Imds 
have therefore been subjected to a careful scrutiny in all th(‘ varieties muh'r 
consideration. In both classes they are distinctly small, often lud t'X(;e('diug 
the growth ring in length and, consequently, such diiT(‘n'n(M\s as (‘xist must, In' 
])acked up into small compass. Fnithei'nion', on separating tlie Katlia, (brown) 
from the Mesaugan (green) sections of th(‘ Saretha grouj), tlu‘ lutf.er is found 
to be transitional between the Kathn. sedaon and the Sunua})il(' smies, a nd this 
introduces com})licatious wtiich were not nuderstood until the two Sunt ha. sed-i(ms 
had been separated. In the nature of things, the study of such small Innls 
has tended to become microscopic, and such dilTereuci's a,s hav(i l)e(‘n noted are 
likely to be less useful in se])aratiug the two classes in ibe fiitd. The compara- 
tively dry climate in which the canes are gnnvn at rnimbatoi'(‘ dn(*s uol. admit 
of much shooting of the buds, and this (baractau is gemwally absemf-. ("xcu'pi.ing 
at the tops of canes which have flowered ; and, as W(' have setau tlu‘ Haretha 
group flow’d’ much more freely and regularly than the Bmmabili* smlos. This 
shyness of shooting is, however, t>f groat advantage’ for oiu* geiunul study, 
in that the buds, although mature, are; resting. 

(1) Bmstmg. In the Saretlia group, tlie bursting of tin’ Innls is ginuwall}' 
apical, as indicated by tlio convergence of the veins of {-lu^ low’est binl scale. 
Occasionally buds show dorsal or more frequently high dorsal bui’st-ing, but 
these are usually low’^ dowui on the cane and are juactioally confindl to the 
Mesangau section. In the Sunnabile group the bursting t)f the buds is dor, sal, 
wdth occasional exceptions in the upper part of tlie cane. 

(2) Size. All the varieties, excepting Mojomh, have small Imds. They 

are smallest in the thin canes of the Katha section, while the thicker mdiiliers of 
the Mesangau section and the Sunnabile group have practically (‘(pial .sizwl buds. 
The average variations in length are as folloTvs : — Katha sect, ion O'l?'' ■ 0-3", 
Mesangau section 0’22"— ()’32'', Sunnabile group 0’22" from wliich 

average lengths of 0-23", 0’27^ 0’27" may be deduced. This seems to indicate 
a close relationship between thickness of cane and length of bud, but a study 
of the iudividua,! varieties shows a fair number of exceptions, and it canpot be 
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taken as a. general mle. The relation between the width of i-oot zone and lim 
length of bud is, however, more instructive. The following ani the ])ropoitioi\al 
figures— root zone to bud Katha section 0*22" : 0*23", Mesa.nga.ji section 
0-25" : 0*27", Sunnabile group 0*34" : 0-27''. In the latter group the buds appear 
to be shorter than in the Saretha series as a whole and this appearance is 
explained by their frequent failure to reach the growth rmg ii^ the lower parts 
of the cane. The bud in the Sunnabile group is also lengthened by the addition 
of the flanges, which often form a broad ring round the apex, which is not the 
case in the Saretha series. In the Saretha group, the buds usually reach the 
growth rin.g in the lower pai-t of the cane and exceed it in the upper. In the 
Sunnabile series the bud often fails to reach the growth ring below, and com- 
paratively rarely exceeds it above. 

(3) Form. In form the buds of the different members of the tv'o groiijjs 
vary a good deal. On the whole those in the Saretha group aj-e more pointed 
and may often, be described as ovate, whereas (partly because of the border 
flanges) in the Sunnabile series they are more oval. In both groups the buds 
are occasionally truncate and in the Sunnabile varieties sometimes even 
emarginate at the apex. 

(4) Colour marh. The buds in both series are frequently marked by 
dark brown colorations. These marks are found more frequently at the base 
and along the edges of the scale in the Saretha group, whereas in the Sminabile 
varieties it is the flange surface which is usually browned and this causes the 
colour marks to converge upwards like the head of an arrow. 

(5) Place of origin. All the buds arise at the leaf scar, at any rate in the 
lower part of the cane, and there is no trace of cushion. There is, however, 
a steady tendency in the Simnabile series for the uijper buds to arise a little 
above the scar. The Mesangan section is transitional in this character to the 
Katha section, where this higher origin of the bud has not been observed. It 
will be remembered that the high origin of the buds and the appearance of a 
cushion are characteristic of the Pansahi group of canes. 

(tj) Flangea. There are marked differences between the two groups in the 
flanges of the lowest scale of the bud. In the Saretha group they are usually 
narrow, tlieir outline is not readily traced and is often obscured by bristles. 
In the Sunnabile group they are, on the other hand, well seen, being fairly 
broad and tjffcen free of bristles, and forming a broad border round the apex 
of the bud. 

(7) Bridles. Bristles are fairly well developed and sometimes abundant 
in the Saretha group but are sparse, irregular or almost absent in most of 
the Sunnabile series. 
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(8) Baml patcficff. Tlicse arc well and typawilly formeil in mnsl, ol! (.in* 

Baretlia series, often consisting of closely parallel, (Uirled or paieiu'S 

of sliming white hairs, on (acli. side of the lower pait of tlie I)ud. They are, 
with few exceptions, j>oorly develo[)ed in the Sunnahilc series, wlnnu^ they are 
often indicated by a pubescence or roughness in which it is (Llillkailt to make 
out individual hairs. In one or two varieties, how'ev'-er, they are well developed 
and conspicuous, as in Putli Khajee and, to a less extent, in Band, 

(9) Minute black hairs. These wen; first observed when comparing 
Katha with Bhaulu of Gurdaspur. Their presence or absence is found fyO be a 
general character for the two groups of which those varieties are tlu^ 'j)rototype,H. 
They are practically absent in the Katha section, generally presiuit in small 
numbers in the Mesaagan group, and usually abundant iu all parts of tiu' 

in the Siinnabile series. 

The study of the buds in the Han^t.ha and Hmuiabih^ varit'ties has led us 
into a series of minute and appainutly unimiioitant (iluiracters. It sliouhl 
here be emphasized that the bud is plastically an ej)i<,om(' of tin' \-eg(tative 
shoot of the cane, and there is little doubt that the <ll^scrij)t^ous given (‘rr, not 
on the side of the minuteness, but' in being less microscoiiic than they oiight. 
to have been. The excuse for this is that theri^ has not been sullicieut time to 
carry the observations further, and that, j)erJuips, tlie more general descriptions 
recorded above will serve the purjiose of this j»aper. Wv. have s(‘('n in (‘ach 
character examined that dift'erences liav'c been recorded, whether iu bursting, 
size, colour marks, origui, flanges, or hairs on the bud, and this has justified tlu* 
large amount of time spent on this part of the (lane plant. 

JjKAF 8hea.th. 

The leaves of the sugarcane offer a perfeerb mine of (baractfU’s whereliy 
the different varieties may he distinguished, and there is little, doubi, that many 
more would reward a patient study in other directions. There is evblenco that 
microscopic features such as the siliceous protrusions from the (^pidi'rmai cells, 
the mimhers and arrangemenf; of the stomata, and so forth, would offer dilTer- 
euces and, doubtless, a study of the anatomy of the leaves would a<ld to these. 
Th4 characters dealt with here are macroscopic and hardly riscjuiro the use of 
a low-powered hand lens. With the excejition of the detaihid measurimienf.s 
given later, most of them can be. readily observed in the field. Tiu^ leaf slieath 
is treated separately from the lamina and th(i. ligule and ligular processes ar(’! 
included in it. The following are its more obvious characters. 

(]) Colour. This is complicated by the fact that a large portion of the 
leaf sheath in the growing shoot is covered by those lower down on the stem. 
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The uolour of this covered portion is usually yellow or green or a mixture of lh*‘ 
two. Bloom is usually absent in this covered portion. When the leaf sheatli 
is exposed, it assumes some form of greeU colour, this depending largcdy on the 
([uantity of bloom present. Differences occilr in the varieties of each' group, 
and it has not been found possible to introduce uniformity in the groups. In 
the Katha section the colour of the exposed leaf sheath is a dark bluish green, 
turning greyish green where there is ■ bloom; lii the Mesangan section the 
colour is grey green to full green, while in the Simnabile group there is a good 
deal of variation but the greens ‘are often light in tone. 

(2) Bloom. A similar lack of uniformity in the members of each group 

is met with in the quantity of bloom 'on the leaf sheath. Katha and Mesangan 
sections show hardly any bloom, and, ■ in the former especially, the exposed 
pai-t of the sheath is frequently shin.y. Bloom is slightly more developed in 
the members of the Sunnabile group and there is a good deal iii Bmsi. Small 
patches of bloom are not infrequenbly present on what are called below ‘‘trans- 
verse bars,” where small swollen cross veins- pass from one loirgitudinal vein 
to the next, and the bloom patches are sometimes the only indication of their 
presence, ’ 

(3) Scarious border. When the leaf sheath becomes old, its edges turn 
a light broum or straw colour. This sometimes takes place very early in the 
life of the sheath, and shows up clearly against the general green colour. I 
have termed it the scarious border. It is especially present in all the members 
of the Sunnabile group, where even the youngest leaf sheaths exposed already 
show, signs of withering at the edges. In the Katha section the scarious borclgr 
is absent in the young shoot, while in the Mesangan section it shows signs, 
here and there, 'of commencing early but to nothing like the extent in the 
Sunnabile series. 

(4) Colour of young edges. Besides the. scarious border, there is another 

respect in which the edge of the leaf sheath exhibits distinguishing characters. 
It is quite possible that the two colorations are connected, but they are distinc't 
phenomena and are frequently present at the same time in a sheath. The 
edge of the young leaf sheath has a different tone of colour to the rest. In 
the Katha section it is light coloured, sometimes white, and often traiasparent. 
It is also light coloured in the Mesangan section. In the Sunnabile group, on 
the other hand, the young edge is often of a red brown colour as far up as it 
can be seen, while this colour always makes its appearance very early. It is 
sharply marked off from the adjoining green, and is frequently hmitcd out- 
wards by a white border. ■ ' - • - ■ - ■- --v.: 
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(5) l\ft of hairs. Tliis is met with, in varying (h'greo, iu all oaiu’s. It 
arises iu the two upper angles of the leaf sheath wh(‘re it merges iute tin' la luiiui., 
and not infrequently extends downwai'ds on tlu^ e<).g(' of Hh' sln'otli :i,iul up- 
wards along the lamina, ft is sometimes \'(‘ry oonsj)knious and silky vvhit,(*. 
This tuft of hairs is not very greatly developed in eitfiei’ gr<nip, it is small 
in the Katlia section and is not usually decurreut along the edg(' of the sheath. 
It is meagi’e in the Mesangan section, slightly descending or .not, hut dos(ionds 
freely in HvUii. In the Siuuiahile group the tuft of hairs is small to moderate, 
it is usually deciirrent and sometimes very freely so. 

(0) S'pi7bes on the buck. Siliceous haii’s, fre(|uently adpressed and always 
directed upwards, are a marked feature, of tin* leaf sln^atli in numy variel.ies 
of cultivated and wild Sacchamms, and, indeed, are. sonu'tiiues a. faoloi’ to In' 
reckoned with in harvesting the canes. They appt'ar to ])e lotaliy ahsi'tit in 
both sections of the Sarctha group, hut are (diaractorisl ic of im'iulx'rs of i.lie 
Sunnabile series. One of the two s[.)e(hmens of Khudija. however, r(v{(*iv<'d 
from Bombay, appears to be glal)i'(.>us. The s})iu(‘s are, usually coucu'utrated 
in a small, dense group in tlie mkhlle of tin* back of tlie sheath, ratln'r high up, 
but have been occasionally reconh'd Jiear the upper part of tlu' two edges. 
OooaBionally they are not visible, but can be quickly detected by passing the 
baud gently down the sheath. 

(7) Venulion. This is often well maj-ked in the leaf sheath, and (sousists, 
tjqnoally, of line, pai-allcl lines extending down its whole length. TJu'y are 
particularly well seen in the covered part of th(‘ sln^ath, formi.ng dull liju's on 
the yellow background. In the uiujovered jnutlon, i,liey are esp<‘(!iallv well 
seen in the Katha section, where they ai-e clear and mtlrer fim^ an<l .numerous. 
They are moderately distinct in the Mesangan section, but are irregular, ofK'n 
thickish, and indistinct in the Buunabile series. 

(8) Tmnsmrse bars. These, as stated above, are also veins, forming (tross 
connections between the longitudinal ones, chiefly in the upijer* part of the h'uf 
sheath. They are typically present in Saccharutn spofiUnicuyu and st'edliogs 
obtained by crossing it with cultivated canes. 'Pliey an^ oftem thicik aiul 
swollen and present the appearance of having beeti llatteru'd by the pr'i'ssure 
of the leaf sheath. Varieties in the Katha sediion usuallv have, them wt'll 
developed, although they are not always very distinct,, arid sometinu's ordy 
represented by strong patches of bloom. The transverse hai-s aj'(^ less markeil 
iu the Mesangan section and are usually absent in Buimabile varieties or merei\’ 
indicated by small splashes of darker green. 
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It is periiajjs wortli while drawing attention here to the contimied rej-Hrm.- 
blances between the Katlia Bection of the Saretha group and the wild Saccharuw 
spontaneum, and also to the transitional position so often seen of tlio Ahjsangau 
seotion between the Katha and Sunnabile varieties. This would suggest a 
line of evolution along which the cultivated sugarcane has been selected, having 
its origin in a primitive form somewhat similar to a Katha variety, and passing 
through some such form as a Sunnabile variety, already differentiated to a 
certain extent and in some respects approaching the higher forms of cultivated 
canes. 

(9) Ligular processes. These are upward scarious extensions of the edges 
of the leaf she^-th on either side of the base of the lamina, provided with a 
rudimentary librovascular system, and are usually most prominent on the inner 
margin of the sheath. They are clearly connected with the ligule whicli passes 
into them at its edges and this suggests that the ligule is morphologically an 
overlapping portion of the leaf sheath at its point of junction with the lamina. 

The Katha varieties usually have well developed ligular processes. They 
occur as long, sharp teeth, usually reaching an inch in length and occasionally 
extending to double that length, when they form a striking and characteristic 
feature. They are not usually present in the Mesangan section, although 
Ganda Gheni has been noted as having occasional ligular processes up to half 
an inch in length. In the Simnabile group they are reduced to the usual blunt 
angle, which soon becomes scarious, owing to the notching in the margin where 
the sheath and lamina unite. 

(10) Ligule. This is treated here because of the possibility indicated ’ ’ 
above of its being part of the leaf sheath, and its intimate relation to the ligular 
processes. It is narrow in both groups, although varying a little in this respect 

in the Mesangan section and the Sunnabile group. In the Katha section the 
ligule is usually flat or slightly deju-essed in the middle of its ui>per margin 'V>r 
and deeply depressed on its lower. In the middle it is distinctly broader than 
at the edges and there is often a small triangular or diamond-shaped portion 
here which is termed a lozenge, but this is not ahvays present. The ligule in 
the Mesangan section is flat or arched above and deeply depressed below. 

There is usually a lozenge, although this is sometimes absent. The tyi>ical 
ligule of Sunnabile varieties is arched above, often with a flat depression in the 
middle and slightly depressed below. The two margins are often nearly 
parallel and the lozenge is thus absent. 

The setse on the upper margin of the ligule present more striking differences, 
as is often the case with hairs and hair*-Ijke structures. They are extremely 
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small in the Harctlia group, irregular, wparse » 
or absent in the Katha seotbn, but oc(jj:i,st 
Mesangan varieties. In tlio Sunna'hiJ<! group 
and are usually long, and there aj'e often a 
standing out in the middle of the ligulc. 

(11) (Jlanfing stem at base. In the. varietie 
sheath at its base clasps the stem 


lia group tlie leaf 
idely, although the differences are not 
vations made wht'n coinpaiiug Kat/ia 
and Dhavlu of Gurduspur. Tlie extent of eucirchmiont is exj)res.sed In terms 
of the ciioumfeienoe of the stem, thus, I’OO would uulioatc. tliat the leaf slieatli 
just encircles the stem onoe mid I'liO would .show that it K“e« one and a hall' 
times round. Tire fijturos olilaiiied for 8 Saretlw and 10 Siiunahilo vaviel.ies 
measured in J91U are l-ir> and I'M reKpeotively roii^lih' the sheiitli |i, 
one and a half times round in Saretiia mid one and one Ihii'd in ,Simniiliile. hi 
the larger aeries exanihicd in 1917 the diirerence is ridiieed, although il, i.s in 
the same direction. The figiu'es are l• |(i for .Sarel.lia and l-.'iit tor limmalHle 
g2oup,s. The Katha section clasps the stein most widelv, 1-.(K beiuf, |t.H figure ; 
the Mesangan se<.tion gives the flgiire and the Sumi i bile group psu. 

(12) Wm III dose. The Sunnabile varieties, in spite of less enoiridement 
of thf stem by the base of the sheath, have wider sheath laises, ami lien, too 
the Mesangan. sectio-n is intermediate bi'tween the. Katha seolion and the 
Sunnabile. group. The average widths of the base of the leaf sheath are for 
1916, Saretha group S-OT, Smimibilo group 3-37''; for 1917, Katha .section 
2-79", Mesangan section 3-16" and Siumabilo group 3.00." 

(IS) mM at apex. Here too, the sheaths are wider in the Kimnabile 
group, falling into line with a greater thickenes.s of .>rt,om and greater width of 
leaves. The 1916 measurements show averages of l-23‘' for Saretha and MM" 
tor Sunnabile groups : in 1917 the figures being 1-22" and 1-30" respcctivelv 
But, a variation is to be noted in the Mesangan .section, which is not in this 
case at all intermediate between the Katha section and tho Siumabilo group 
The wid^th at the apex of Mesangan section avemges I-IO", that of Katlui 
section 1-11 , while the Sunnabile group is intermediate with I'SO". 

{U)I^thof,n,a,^eb,fshealk The length of leaf .sheath ap,,..ars fo 
difler less deautelyun the Saretha and Sunnabile gr-oups than that of jiiut mid 
amma. In fact, while it isdistmctly longer in Saretha in the 191(i measure- 
ments of mature oam^, little diflerenoo has been noted in those of 1917 This 
may be due to the act that the maxima are rather late and tliat, Li the 
■unmature canes of the latter crop,. the full. length of the leaf sheaths had not 
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been obtained, but tliis interpretaiion is oi^en to doubt, Tlic results ol 
measurements are as follow 1916, based on averages of 20 canes of each 
variety, Saretha 12*4", Suuuabile 11 * 6 " : 1917, measm’ements of 20 (;anes, 
Saretlia 11*9", Sunnabile 11*9" ; measurements of 10 canes in the laboratory, 
Saretha 11*95", Sunnabile 12*02", The agreement of the two 1917 measure- 
ments is very close. , ■ . • 

(15) Module. This empirical expression is obtained by dividing the 
average length by the greatest width, that at the base. It is designed to give 
some idea of the shape of the leaf sheath and is in,chided because it has been 
found so useful in the cane and the lamina. We have seen that the 'sheath 
is wider at the base in the Simnabile group, while the length of the sheath, longer 
in the 1916 results in Saretha, is practically the same in the two groups in 
1917 measurements. It is not surprising that the Sunnabile sheath has a 
lower sheath module. Also that this module is higher in the Mesangan. section 
than in the Sunnabile gi*oup. The figures are, for 1916, Saretha group 4*0; 
Simnabile 3*5 ; for 1917, Saretha 4*1, Sunnabile 3*7 — ^^figures which show 
sufficient agreement. The figures in the Katha and Mesangan sections of the 
Saretha group, in 1917, are 3*8 and 4*4 respectively. 

(16) Number of sheaths fer cane. The sheaths are, as might be expected, 
more numerous in the Sunnabile group, although there is little dift’erence in 
the poorer grown 1917 crop. The figures were, in 1916, Saretha 35, Sunnabile 
45 ; in 1917, Saretha 29, Smmabile 30, the figures for the Katha aiid Mesangan 
sections being 30 and 28 respectively. 

(17) The variations in sheath length in different parts of the cane. As in the 

length of joint, the length of sheath was measured, by foot rule divided into 
tenths of an inch, in 20 canes of each variety, both in 1916 and 1917. In 1916, 
7 varieties of the Saretha group and 10 of the Smmabile were measured, and 
the canes were over-ripe. • In 1917, the number of varieties were 18 and 15 

respectively, but some of these have been ruled out, in that it was not possible 

to obtain fair averages because of the large number of missing sheaths. It is 
ualural that differences would be lessened in the latter case and, perhaps, more 
reliance is to be placed on the 1916 results. The following are the averages 
obtained in the 1916 measurements, the lengths of sheaths being recorded, 
from base to apex, in inches. 

1916. Saretha group. 12*2, 12 ' 6 , 12*9, 13*0, 13*2, 13*3, 13*2, 13*2, 13*1, 
12*9, 12*7, 12-6, 12-5, 12*4, 12*3, 12*3, 12*2, 12*2, 

12-3, 12*3, 12*0, 11*9, 11*8, 11*6, 11*5, 11*4, 11*2, 

[11*0, 10*8, 10*1, 8*83 5*2, 1*3; 0*3, 0*1. 


•jy3 stUDiBS m iNBrAlsr sitgauoan-rs, n«). th- 

rtiniuabnp group. * ^ ' 

JI.-8, 11*8, 11*8, 11*8, 11*7, ll*n, 11*8, ll'.K l-l*- 

12*1, 12*1, I2*b, '12*0, ll*iK li-b, il‘8, tt‘7. 11-7 

Il-b! I!*^, H*:5, 11*2, .11*1, .101), 10*7, H)*8, !()*i). 

10*7, 10*a, 9*(;, 7*7, 8*8, 0*8, 0*2, 0*1. 

These figures plotted out on curve.s, show some interesting (■.huracters 
(Chart III). 

(18) Cmm. In the Barctha group, in 1910, the tnirve .anumences high, 
ascends steeply to an early nnixiinuni, tluni dnsciMuls stiaidily with a slight 
indication of a second niaxijnuni luilf way down, and ilu' curve leaves ihc 
jiaper considerahly sooner than that of the. Bunnaliih' group. 'Hie eairve ol 
the latter commences low, rises gradually to a first niaxiiHUiu and aCnans its 
hi'diest point very late. It crosses (he Bandha curve aJiout half way along 
itiT course and then descen.ds steadily but less sti'eply tlian in Sareliui u'lul 
shows an indication of a final small inaxinmm before it hsives the |>aper. 
The crosses mark the ])osition of the eighth sheath from tlie end, and Ihose 
beyond may, for conviniieuce, b(‘ considm-ed a.ll immature aaid msal noj. concern 
us. The curve in Bunnabile is much longer, the unmber ol siienlhs belorc' the 
last eight being 37 as against tlu^ 27 in Baretha. (’ompa,rlng the two curves. 

' that of Sunnabile is longer, lower, fiatten*, characters wh,i(h vv(v noted m lln* 
curves oi the lengths of joint in the identical sets of canes. In fact., liieiv is 

considerable similarity lietweeii leaf sheath aiid joint length curves in any cane 

although this resemblance is not close enough to esUblisli a ileliniti'- correlation 
lietween joint and leaf sheatli. 

The 1917 measurements were taken, in a much largi'i- niimiu'r of varieties 
in each group and the canes were measured when only iiiiu' nmiillis old, t.n oimnv 
the prcLnoe. of sheatlis and leaves iji good condition. Ihd., unl'oituiiu.tely. 
the growth was poor in most of the varieties and especially so in one. or two-- • 
being nothing like so good as in the previous year. Tin', numbi'r of joints and 
consequently of leaf sheaths were much below tlu‘ aviuuge aju), gem>rally. 
normal differences were mucli reduced. The following are the figures obtained 
in 1917 for lengths of successive leaf sheaths. 

Barctha group *> averages of 18 varieties with 20 canes in each variidiy 
in inches *. 
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STi]mal)i]e group ; average^s of 15 varieties : 

11-1, 11-9, 12’3, 12*4, 12-4 12*4 12*3, 12 - 2 , 12*1, 12*1, 12*1, 12*1. ii*‘), 
11*8, 11*7, 1!*5, 11*7, 11*6, 11*6, 11*5, 11*3, 11*3, 11*1, 10*8, 9*7, 6*2. 2*1. 0*6, 

0*2, o*;i. 

Upon comparing tlie curves plotted from these figures, the first matter 
for notice is their extreme shortness, the Sunnahile excess number being 
reduced to one sheath, as was the case in the joints. The Sunnabile curve is, 
it is true, lower, flatter, longer, as was the case with, the 1916 curves, it reaches 
a lower maximum than the Saretlia and crosses it about half way along its 
course ; but there is far more resemblance between the curves of the two 
groups in 1917. In one particular is this especially noticeable. The three 
lowest sheaths are actually longer in the Sunnabile group, instead of being 
much shorter, and the initial rise in length is much steeper than was to be 
i‘xpected. This may be due to the coirditions of growth, which may have 
affected the varieties of the two groups differently, but it is only fair to state 
bJiat those initial sheaths were often abserrt or not susceptible of measurement, 
and the averages for the first few are accordingly much less reliable. Never- 
theless the 1917 curve for the Sunnahile varieties is rather steeper tharr usual 
in this group and approximates in this respect to that of the Saretha group. 
Considering all things, more reliance is to he placed on the curves obtained 
in 1916, and the general differences noted in it hold, in a diminished degree, 
with those obtained in tlie immature caues of 1917. In the circumstances 
detailed above, I should feel inclined to build up the ideal cane rather from the 
1916 curve, with the proviso that the differences between the length of leaf 
sheath in different parts of the canes in the two groups may be somewhat 
exaggerated in these curves. 

Curves have been prepared for the Katha and Mesangan sections of the 
Saretha group. These show that the latter section, consisting of larger canes, 
only resembles the Sunnabile series in the number of leaf sheaths. In other 
respects the curve approaches nearer to that of the 1916 measurements in the 
Saretha group, it is higher and steeper than that in the Katha section. 

Lamina. 

The leaf blade or lamina has been subjected to a rather more exhaustive 
study tlian the leaf sheath, as it presents details of form which are absent in 
the latter. In no part of the plant is it more evident that a real difference exists 
in the two groups in the length and shape of organs, and the elaboration of this 
point has taken a good deal of tirne. For one thing, the differences between tln^ 
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(3) Scabrous feel. Tliis is often a marked charact/er at tkoti]) of the leaf. 
It is especially noticeable o]i the upper, vkrtral aspect, in tlie nionibej's of the 
Sunnabile group. If one passes the fingers downwards in this region, the 
roughness of the leaf, depeiiding on small siliceous points projecting upwards, 
reminds one of shagreen. Tlrere is also considerable, but less marked, rougli- 
ness on the lower or dorsal side of the leaf tip. One niajked exce])tion> howt'voi-, 
occurs, the leaf ends l)ei]ig practically glabrous in Puili Kliajee. This is in 
fact similar. to the Saretha group generally. The scabroiis feel is very sliglis 
or absent above in this group and the roughness below is slight. In this 
character of the leaves the Saretha series, as usual, resomblos Surclmrmn 
sfonlaneum in such specimens as have, been (Examined. 


1916 and 1917 crops , so noticeable in the j()int and leaf sheath, appear i o hav(‘. 
had less play in the lamina, and the similarity of the fignn's obfaiued in 
different observations is sometiines yory strihiug. 'l’'he’’ persihieiute of 
differeii.ces hi. roughness, liairinoss., ve!iatio,n, et(?., would ttoiiptoue lo make a. 
series of observations with stomata, hut this lias not been ac(iom[>)i,slie<i, yi‘t 
the surmise may be hazarded that one more useful <lihtin.guishing (hnractor 
maj'- be expected from a study of these. Th(‘ characters stml.ied naturally 
divide themselves into those which are capable of measurement and those 
which are not. The latter, which are less complicated are talnni first, 


(1) Chamielling. This infoldhig of the leaf at the base is a marked cha- 
racter of the Saretha group, in which it res<'ni]>lt\s the wild Sarvharmn span- 
■Umeum. The channelling is chiefiy developed in the mhij'ih but is uo't coulined 
to it, and th.e lamina takes a mmv (U less distin,ct puit in all tin' ies of fhe 
group. In the Sunnabile scuios t!ie oJiannelling is not usnaJly so marked and 
it is confined to the midrib, while the lamina is fiat to the basi*. 


(2) Gaiks. This term is a]>])Iied to the region of th«‘ lainijia on each siile 
of the midrib just above the ligiile. If; corrt'sponds with the transveu’se marks 
of lighter colour on the back of the leaf. This pajf, of tln‘ leaf differs a good 
deal in the two grou})s under discussioji. Tin* callus is not well marked in 
varieties of the Saretha series, it is usually (jovered by waxy outgrowtlis and is 
often pubenilous or pubescent, In the Sunnabile group, it is more marked, 
often very distin.ct on eacli side, sometimes raised. It is usually covered by a 
dense or shaggy pubescence and sometimes lias long hairs at the sides lU'arest 
the leaf edge. A study of the transverse marks, on the other hand, has not 
yielded any appreciable differences in the two groups. 
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{4) SemUure, Here also tlie greater hairiness or liarsliness of the ic;i\'es 
is noticeable in the Simnabile group. With the exception of P'NtU Khajec, the 
serrature of the leaves is strong, harsh and persistent. In the Bar(Hi.a series 
(asiji Sacchamtn spantaneum), it is usually softi fine and more or less decidusnis. 
In the.Sunnabile series the leaves, thus, have spines on the back of the sheath, 
rough callus, strong, scabrous feel at the leaf tip and harsh persistent serrature, 
while the ligular setae are strong and frequently long : in the Sarttha series 
the leaves are glabrous or almost so in all these respects, and one would feel 
tempted to suspect a correlation between the development of strong hairs in 
all parts of the leaf. But the anomalous position of Pnili Khajee suggest 
caution. It has spines on the back of its leaf sheath while its serrature agrees 
with that of the Saj'etha varieties. So also, in one of the two specimens of 
Khmhjd received from Bombay the leaf sheath is glabrous, and in the other 
it is spiny, and the glabrous-sheathed form agrees in other respects with the 
rest of the Sunnabile group. 

(6) Nvmber of'ldminas. As in the sheaths there are many more laminas 
in the Sunnabile group in 1916, but about the same in the two groups in 1917. 
The numbers in 1916 are, in Saretha 36, and in Sunnabile 45, whereas in 1917 
the respective numbers are 29 and 30. 

(6) Length of lamina in different parts of the cam. Here, as in the sheath, 
we have been led to consider the 1916 measurements as more in keeping with 
the known characters of the groups. The following are. the figures . obtained 
from the same canes which were measured for length of joint and length of 
leaf sheath : — 

Average length of successive laminas, 1916, in inches : 

Saretha group. 37, 39, 42, 45, 48, 61, 62, 63, 64, 56,56,66, 56, 56, 56, 
57, 57, 67, 57, 66, 57, 57, 67, 57, 56,' 66, 66, 54, 64, 
63, 61,48,46,37,26,17, 8. 

Sunnabile group, . 30, 33, 36, 38, 40, 42, 43, 44, 45, 46, 46, 46, 47 47, 47, 

47, 47, 47, 47, 47, 47, 48, 48, 48, 48, . 48, 48, 48, 47, 

48, 47, 47, 47, 46, 46. 45,44, 43, 42, 40, 38, 35, 24, 

. . 20, 15, 8. . 

[7) Curves. These figures have been plotted out in curves as usual (Chart 
IV). The curve in the Saretha group, in 1916, is higher, shoiter, steeper at tlie 
ends than tliat in the Sunnabile group, agreeing in these respects with the curves 
of length joints and leaf sheath. The curve starts higher in the Saretha group 
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and asoeods more rapidly. Tho maximum is re.-udiocl in in joiuib iti Suroilm, 
against 21, joints in Siinnalnle, and is 9"gn‘ater. A (:<)[u})a]‘isou, IxKvcvor, (d‘ tho 
lamina cum; with tlu.sooi: joint and sheath, shows o(>itaiii ,fiiridam<*utal dilh'r- 
ences. With steep rise and .fall tJie lamina ourve remains more or less horiwmtuJ 
at the top and thus presents a generally flattemvl appeamiuas whicdi appears t(» 
be characteristic of all mature lamina ounces. Once the region of full £(rmvri 
leaves is reached, there is little variation in length from joint to joint,, ivnderinn 
difficult all attempts at finding correlations between th(^ lengths of leaves ami 
other organs in different parts of the canes. In botli tlie. joij)t and sheath curves , 
on the contrary, the rise is very ra])id at first and, o.uce. the maximum has been’ 
mached, a continuous descent follows. Tl.e sheaths and joints are longest, 
in the yoimg cane and become continuously s]iort<'r as growl, h proiauvls. 

A study of the 1917 <!ro]), in which a considera])ly largtM* .mimher of vari<‘- 
ties were studied in ea<;h grou]), hears tiu‘S(* ivmarhs mit. But, as in llie case 
of joint and sheath, th<‘ effect of immaturity and pootvr groviffi is shown, and 
the curves are much lower and shorter and, so to s]»eak, out; off in the midillf 
because of the fewness of organs developeil. 'Iffie following are the measurements 
obtained : — 

Average length of aucneasive laniinas, 1917, nine numtlm „|,1, i,, 

Sarctha groiij). 2!), 33, 37, 41, -t.'i, 4,S. f y, 51, 5i, ,52, 02, ,53, .5,3, ,52, 52 
.52, 51, ,5(1, -19, 49, 50, 51, ,50. -lO, -17, 43, 37 ’ 29,' 21.' 

Sunnabile group. 28, .34. 37, 40,42.44, 40,40, 47 , .( 7 , 47 , 4 s_ ,(.7 47 
40, 40, 45, 44 , 44 ^ 4 . 4 ^ 45 ^ 40 ^ 4 r|^ 44 ^ 44 42 3 ^ 39 
21, 18. . ■ . • . 

(7) Anerage knglh uf mature. Icminu. This waa obtained from the above 
two series, leaving out the last 8 as j,o.ssibly immature. Tl.c lengths in 191 0 
were, for Saretha 4' 5' and for Sunnabile 3' 9", and in 1917 Kurethn V 0 " unt 
Sunnabile 3' 8 ". The leaves in the Saretha series are distinctly longer A 
reference to the curves will show that it is possible that the lower fi«nres in the 
mne months curves .nay bo due to the fact that the hmgest had yet to come 
when the canes were measureel. The maxima in landna curves are consideruhlv 
later than m jomt and sheath curves, and the shortness of lamina in 1917 may 
not therefore be due entirely to poorer growth. The Mesangan section consists 
of much larger cane var.et.os than the Itatha, and this is relleot-ed in the hmgth 

Mosangan 2 so that ... this respeetthc intermediate ..ature of the latter 
between the Katha sect.on a..d the S.mnabile series camw,t l„. 
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(M) Width of loaf. This varies along tlie lengtli of the leaf and, in order 
to institute a just. e(Uu}»at'isoii, it has been found necessary to fix on the 
width, in the nn'asnrenients. This was estimated by spreading out the h>idv 
shoot, and selee.tin.g tbe widest leaf present. The figur<‘s tJnu'el'ore refer to tin- 
ext.reine width, of the leaf. In 1916 the average extreme width was ho" in 
the yaretha, and l'8" iji the Sunnabile groups, wliile in. 1917 tin' figures were 
1 ‘d" and 1 ’7" r<‘Sj»ectively. As in the ease of length of leaf, it is possible that, 
hei'i'- too, the widest leaves were still undeveloped in the nieasurcunents of the 
iniiuafcure canes of 1917. The leaves in the Sunnabi'.e group a, re considerably 
witlej' than those' in the >Saretha group. The Mesangan section ajipears to he 
int.ernu'diatt' ht't.wi'mi the Katha section and the Snnnabile group, but it must 
lx* renu'inhered that it consists of bigger canes ; the figures in 1917 weiv Jvatha 
si'ction l“i", i\I('sangan IT)". 

(9) )H(idule. This exjjressiou signifies here, as ek'where, den,gtli 

divided by hi'eadth. It is built uj) with the aid of figures contaiiietl in the 
lust. tu'<i paragraphs and is therefore average length diviiled liy average extreme 
width. As might be expected, from our knowledge that tlie oi’gaiis are longt'r 
an<! narrower in the Baretha series, the differences in tin* two gn ups are marked. 
Tin" ii)16 figures an* Baretha 35, Smuiabile 25, and, in 19f7, Baretha 37 and 
Bunnabile 26, resemblances sufficiently close to rule out all diflurences in vigour 
(,if growth,. Jn spite of the }K)orer growt.h in 1917, tlie form of the leaf appears 
f.o liavi* remaiiu'd normal. The Mesa.ugan section again occupies an intenne" 
diat.i* posit.ion, the figures in 1917 being, Katlia section 38, and Mesa.ngan 33. 

(19) Leaj' fihdfe. These are the main measurements of the lamina. But 
it u'a,s fell t.hat. the figures did not express o])vious differences in shape. Most 
(if the Bai’i'tha l('aves show a marked narrowing above the base aiid the widest 
part of tin* Biinmibile leaf is, on the whole, lower down the length, of the leaf 
than in the Baretha grou}). A s(uiesof width measurements were therefore 
made in tin* laboratory, in ten leaves of each variety, at difi'erent distances 
fi'om tin* base*. Tliese distances were empirically selected at 1", 6", ,12" and at 
(,h(‘ w'idest part, wherever thafc was, and its distance from the base noted. It 
was sui'inised tliat these nnxasiirements would b(^ sufficient for the purpose 
and that, frnin tln*m, we should be able to form a co.rrect idea of the form of 
the leaf in ('ach (rlass. To complete the picture, it was necessary to inde the 
full length nf eacli leaf measured, but this was unfortunately not appreciated 
in the 19)6 jneasurenumts, and the omission has beej.i tilled in by taking tin* 
lengtJi of ]i*af obtained from the general curves of 20 canes measured in that 
year, The fulhAving are summaries of these measurements, it being mded 
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(.liat Khadija, ^^^lich \m exitmiued at a,<liffo.iviit tinu! from tlio rest, hnn htuui 
omitted from the, Siiimabile series. 

hahoratory iueasiir(‘fiu'iits(»f laioiiiios in 10 canes of vari(^l,\-, in inehes. 


: Width 

1 at 

1 base 

Atr 

At 0 " 

At 12 ' 

■j Widest 
' place 

Distantio 
from base 
to widest 
place 

Total 
! length of 
loaf 

' JiKMAJlK.S 

1916 







1 1 


Hai’etha group 

0-95 

()-79 

0 - 8 !j 

1-03 

1-39 

2b" 

( 4 ' 5") I 

Total length in 

Sunnabile group ... 

103 

Ml 

M 9 

147 

1-73 

ir 

I (:r 9 ^) 

191 G taken 
frosu tioia 

1917 








itteasuremont.s 








of 2(1 cane.s. 

Katha .section 

0-84 

0 (j 9 

l )-77 

ir 89 

M 4 

' . 23 .V 

r 3 " 


Mesangaii section .. 

MO 

0-91 

Mil 

m:f 

l-l.'-. 

2 ,S-,S- 

1 ' Kf 


Saretha group 

0-94 

0'79 

(rs? 

0 - 9 S 

1-20 

•JiVC. 1 

r r,’ 


.Sunnabile group .. 

0-98 

101 

l‘J 4 

MO 

MiO 

! 9 ‘’ 1 

:r III- 



ftom u study ,rf this kihb wu an, aid,, t,. ,l,a« „ „i7aia 

GouclnsioDs. 

(oniitl,uSaretIiagr„ii|,tlieuammv»t jmrtiHl' the I, as,. „f tlu, 

leaf. Tlierc ia a markeil [jiueliiuj, ii, tu„ Ims,, and lli,. ivx, u if -im, 

tiling, tlie case in the Siimuihile Taking as „„ i,x|„-„ssi.m '„f tli'is 

““Wing, we get tlie fullewing ; - 

1910. Saretha group | , Himuabile . 

1917. Kat/ha section ] 

Mesaugau section 

((,) The widest pait of the leaf is linvet down (Ui* tl,e ha.s,.) in the 

Smiiiabilc senes than ,t ,s in Kaiftiia ( 26 ” from the ba.se), and the fi.mi.,.s for 
the twe yeiu^s show marked .similarity. Ifut tlie Hnniiabile leaf is sborter uid 
to deteriniiiethe proportional position of the whlest part, it booonies lie,,; J 

total length ofieaf s We have as lollows : — 

1916. Saretha group 

1917. Katha section 
Mesaugau section 
Baretha group 


r Average I’jJ , Sunnabile . 


•4-7 

.40 

•50 

Sunnabile groiij> 

U'-10 

•4b 

Sunnabile group 

0-.li 
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Eo Uglily, in tlie Saretlia series, the widest part 'is half way np Ihp, leaf, 
and two-fifths of the way up in the Sunnabile. This emphasizes the shortness 
and broadness of the leaves in the latter series. 

(c) A fuither expression of this feature may be obtained by an estimation 
of the rate of widening in the leaf, per unit of length. This upward gradient 
can be put in figures as follows : — • 

Upward gradient = in the dietanoe from mdeat 

to narrowest part. The narrowest part may be safely taken as 1" above 
the base in each case, so that the distance referred to in the formula will 
be the distance above, the base of the widest part, less 1". Working out the 
figures by the formula, we obtain the following for 1917. The actual total 
length of leaves was not taken in 1916. 

1917, Katlia section Gradient of 1 in 100 

Mesangan section 1 in 109 

Saretha group 1 in 102 

Sunnabile group 1 in 55 

Thus the upward gradient of widening in the leaf is practically twice as 
steep in the Sunnabile series as it is in the Saretha. 

The dowuAvard gradient, from the widest point to the tip of the leaf , may 
be obtained in a similar manner, the formula being in the 

ditference between total length and distance of widest point from base of leaf. 
The 1917 figures give us the following : — 

1917. Katha section 1 in 48 
Mesangan section 1 in 40 
Saretha group 1 in 44 
Sunnabile group 1 in 33 

The downward gradient is considerably steeper than the upward, but 
there is less difference in the two groups, that of the Saretha leaves being three- 
IV.urths that of the Sunnabile, instead of nearly one-half. 

From the above study of leaf measurements we have thus succeeded 
in exInacting new and stable differences in the form of the average leaf 
in the two groups, and this gives important support to the reality of the 
grouping of the varieties concerned. We are in a position to draw the outline 
of atypical leaf in each group, but the length is so enormously greater than 
the width., that some sort of compromise is necessary. I have accordingly 
drawn the two leaves to scale, multiplying the width by ten, and the 
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Ot:-'mNIJS OF LKAVBS IN TllK SA-UKTIIA 
AJSI) SuNKABlIiB UKOI'l-.S, UltUATI.Y PORK 
MHOUTKNKt). TIIK NARUOWEtt, KONOKR RR u-' 

IH that OF THK SaHKTHA OKOUI*. 

(Jl) T/)e m/M This is much more prominent, in t,|„. Snrottiu lea, re 
tan m the ounnabtle, m this respect pointing to a marked rescmblanoe in (.1, 
former to the leaves of Sacc/mum spmlmeum. To give an exact express «, 
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of tliis relative prominence, the width of the midrib was measured at the same 
time and place as the width of the lamina in the above table. The midrib may 
be studied from two standpoints, firstly, its own intrinsic width, and, secondly, 
the relation this bears to that of the lamina. 


(a) Width of midrib in different parts of the leaf. 



At r 

At 6" 

At 12'' 

At widest 
part of 
leaf 

Distance from 
base to widest 
place 

1916. 

Sai’etha group ... 

0*19 

0-20 

0-17 

0-09 

25" 


Sunnabile group 

0-18 

017 

0-15 

0-11 

19" 

1017. 

Katha section .. 

0-17 

016 

0-14 

0-08 

23 - 5 " 


Mesangan section 

0-20 

0-20 

019 

0i2 

28-8" , 


Saretha group ... 

019 

0-18 

016 

0-09 

25 ‘6" 


Sunnabile group 

013 

01 4 

1 0-13 

0-10 

19" 


We see from these figures that the midrib is distinctly wider in the leaves 
of the Saretha series all the way iij), and this is the more noticeable when 
we remember that the leaves are wider in the Sunnahile group, especially 
in this lower pairt of the leaf. 

(6) Relative width of lamina and midrib. To give expression to this 
the width of lamina has been divided at each point by the width of midrib. 
The following figures give the quotients : — 



At 1" 

At 6" 

At 12" 

At widest 
part of 
leaf 

Distance of 
widest part 
from base 

1916. 

Saretha group 

4-2 

4-4 

60 

15-4 

25" 


Sunnabile group 

5-5 

71 

11-4 

16-7 

19" 

1J17. 

Katlia section 

41 

4-8 

6'3 

14-2 

2.3-5" 


Mesangan section 

4-7 

5-0 

5-9 

12 1 

28 -8" 


Saretha group 

4-2 

4-8 

61 

140 

25-6" 


Sunnabile group 

7-8 

8-9 

11-2 

16-6 

19" 


And the table gives a useful expression of the comparative inconspioiious- 
ness of the midribs in the Sunnabile series. 



' ' tables of measurements. 

Aveeage Measueements oe Twenty Canes. 

Yarieties in the Saretha <]ro'up, 3917, 0 months old. 


Katka Section 

Raksi .. 

Katha 

Ranuii 

Laid 

Chin 

Chimnee 

Raraukha 

Kansar 

Chynia 

Burra Ohimnoe ... 
Saretha (brown) ... 
Average of section 


Mesangan 
Savetha (green) 

Khari 

Kabbu 
Ganda Oheni 
Kalkya 


17 A' 2" 

13 \i' r 
15 A' 7" 

14 5' 1" 

15 4' 7" 
17 Y 5" 

15 :4' S" 

14 o' r 

13 r 5" 

16 A 

15 ' 4 ' 10" 

16 4 ' 7 " 


6 ' 8 " 
|IV O' 
2 " 
16 ' 4 " 

lo' 10' 

' 2 " 
' 3 ' 

| 6 ' 5 ' 
6 ’ 4 " 


10 ' 5 ' 
11 ' 3 ' 
11' 9' 
12 ' . 5 ' 
11 ' O' 
Il 3 ' 2' 
12 ' , 2 " 


THIOKNJSSS OF CANE 
(CentimctrcH) 

(The thickness of cano was ineasiired 
by calipers) 


Bottom 


i 30 
I 14 
1 -51 
1-31 
1 T >7 

1 r ,)2 
162 
I 1*50 
1-72 
1 Y.'l 
1-65 
1’66 




Tor 

(mature) 


I I '34 
i 1 do 
I i’r.3 
I 1-38 
I -.57 
! 1'57 
I'OO 
i-m 
F 70 
1-72 
1-74 


1-59 1 T ).5 

1 - 61 1 vm 

1-68 1-74 

1'99 ’ 2 05 

1 - 86 : 1-92 
2 09 i 2-14 

2 - 17 ; 2-25 
1-86 I 1 92 


l -;-)0 I I'tKi 

F70 I 174 
1‘7S I I '82 
1-98 I 2-04 
1'05 ; 2 01 


1-48 I Til 
1 ' 5 I ! 1'59 
V 5 t 3 I I'Ol 
1'68 ' 1-74 
I 'lid . 1-71 
I '78 I -83 
1-85 . 1*92 

1'66 ; 1-91 
I'Bl ! 1'56 


1 

1*40 
1 ‘38 
1 Till , 

nil 
I'm 
1'87 
I 'TO 
I '71 


1 '50 
I '64 
1 * 7 () 
1 01 
I '85 

1 83 
1 66 
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Average Measurements of Twenty Canes. 

Varieties in the Simnabile group, 1917 , 9 months old. 



S 


shoot j 

S3 

s 

“S 

THICKNESS OF CANS 
(Oentimotres) 

(The thickness of cane was measured 
by calipers) 


of joii 



*0 

Xi 

'S 

Bottom 

Middle 

Top 

{MATURE) 

11-2 

s 




O 

o 

H 

Maxinuin 

leaf 

Lateral 

Median 

Lateral 

Median 

Lateral 

Aledian 

<D Si g 

3 

p •« 

s 

I 

Tern 

la 

Z 6" 

4' 9" 

S' 5" 

1-4" 

1-lS 

1-24 

1-16 

1-23 

1-14 

1-25 

MS 

Ilakhra 

13 

3' 10" 

6' 5" 

10' 4" 

1-5" 

1-28 

1-35 

1-41 

1-54 

1'42 

1-25 

1'42 

Ekar 

17 

4' 7" 

6' 4" 

10' 9" 

If)" 

1-47 

1-50 

1-54 

1(U 

1-39 

1-48 

lol 

Dbaulu 

15 

3' 10" 

5' 10" 

9' S" 

1-4" 

1-34 

1-39 

i-ra 

1 41 

1-21 

1-25 

1-32 

Kaghzp 

1.4 

3' 0" 

7’ 1" 

10' 9" 

If/' 

1-59 

1-67 

168 

1-7S 

1-02 

1-93 

1-71 

Ketari 

18 

4' 1" 

4' 4" 

8' 5" 

If)" 

1-43 

1-47 

151 

1-52 

1-46 

1 52 

l-f55 

Batisa 

20 

5' 2" 

4' 10" 

9' 11’ 

IS" 

1-fio 

171 

1-81 

1-88 

1-6S 

175 

l-7o 

Baiisi 

13 

:r 6" 

6' 10" 

10' 1" 

1 8" 

2-0() 

211 

212 

2-17 

1-S3 

1-89 

2-03 

iSumiabile .. 

15 

3' U" 

;5' 8" 

9' 7" 

19" 

2 05 

212 

2 03 

2-17 

1-S8 

1'94 

2-03 

Piitli Khajee 

18 

o' 7" 

(V 10" 

12- 5" 

1'8" 

217 

2-24 

2-33 

2-41 

1-97 

2'03 

2-19 

Kliadya 

1.7 

;4' 7" 

6' 4" 

10' ir 

1-7" 

2 '24 

2-31 

2-3{! 

2-38 

. 1-88 

103 

2-17 

Naanal 

19 

4' 9" 

6' 2" 

10' 11" 

Ml" 

2-10 

2 15 

2-1 fi 

2-21 

1-81 

1-86 

2'()5 

Hottc Cheni 

10 

4' 8" 

0' 3" 

10' 11" 

l-O" 

2-24 

2-31 

2-30 

2-36 

1-97 

2-03 

2'29 

Dhor 

13 

•2' 9" 

V 1.1" 

7' S" 

1 'O' 

2-0.3 

2-09 

1-91 

2-01 

1-56 

1-59 

l-SO 

Mojoiali 

13 

3' 11" 

6' 6" 

10' 5" 

2'5" 

2f)S 

2-SO 

205 

2-75 


2'34 

2-68 

Average of group . 

1 16 

4’ 2" 

5' 11" 

10' 1" 

1‘7" 

1-83 

1-90 

1 88 

1-96 

1 

167 

1 75 

186 

Average of Saretlia 
group 

15 

4' 8" 

6' 7" 

11' 3" 

13" 

1 67. 

1-72 1 

1 70 

■ 

1'76 

1 1-51 

i 

! 

1’56 

166 
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Average Measurements of Twenty Oanes. 

Varieties in the Sa/retha ami Smmabile groups, 1016 , 13 months old. 



Number of joints with 
dead leaves 

Length of cane with 
dead leaves 

Length of living shoot 

Total length of plant 

THICKNESS OE’ CANE 
(Centimetres) 

(The thickness of cane was measured 
hy calipers) 

Bottom 

Middle 

Top 

(mature) 

Average of the 
six preceding 
nieasuremente 

"eS 

S 

Median 

Lateral 

Median 

Lateral 

Median 

Saertha Gboue 












Baraukha .. 

23 

8' 2*’ 

5' 8" 

13' 10" 

U34 

1‘40 

1-29 

1*31 

1 *30 

1*27 

1*32 

Ganda Oheni 

21 

T 11" 

7' 1" 

If)' 1" 

1 8! 

19fi 

1*97 

2-13 

1*94 

2*10 

1*82 

Chin 

25 

7' .Y 

6' r 

13' 0" 

1-30 

1-4,5 

1*29 

1*35 

1*34 

1*36 

1*36 

Hullu Kabbu 

21 

7' 9" 

6' 9" 

14' ()" 

1-91 

202 

2*00 

2*11 

1*93 

2*07 

2*01 

Jagannthia 

23 

r r 

6' 2" 

13' 3" 

101 

1-71 

1*70 

1*77 

1*74 

1*84 

1*73 

Khavi 

22 

6' ir 

6' 4" 

13' 2" 

1-72 

1-81 

1*78 

1*86 

1*61 

i*68 

1*74 ■ 

Saretha 

28 

7' 10" 

7' 0" 

14' 10" 

1-43 

1*50 

1*59 

1*65 

1*54 

1*58 

1*55 

Average'of group 

23 

7' 7" 

6' 5" 

14' 0" 

1-60 

1*69 

1*66 

1*74 

1*63 

1*70 

1*67 

Sunkabile Group 












Bansa 

38 

8'10" 

4' 8" 

13' 8" 

l'S4 

1*61 

1*73 

1*76 

r74 

:1*93 

1*72 

Bansi 

.32 

6' 10" 

5' 1" 

U'lr 

l-(i5 

1*73 

1*67 

1*74 

1-67 

1*76 

1 70 

Dhor (Harrai) 

30 

7' 3" 

6' 5" 

13' 8" 

1-96 

2*03 

1 2*04 

2*15 

1*99 

2-05 

2*04 

Dhor (Seoni) 

31 

r r 

6' 5" 

14' 0* 

2-14 

2*22 

2*30 

2*39 

2T7 

2**26 

2*25 

Kaghze 

32 

6' 10" 

5' . r 

11' 11" 

1'69 

1*()7 

l’7l 

1*83 

1-75 

■ 1-89 

1*74 

Ketari 

30 

7' 0" 

4' 4" 

ir 4" 

1-80' 

1*86 

1*70 

1*78 

1'78 

1-92 

1*80 

Naanal ... 

29 

7' 0" 

6' 11" 

13' 10" 

208 

1 215 

2*01 i 

2*10 

1*94 

2*09 

2-06 

Putli Khajee 

29 

«' r 

6' 1" 

15' 2* 

1-98 

2*15 

2*00 

2*15 

2*07 ; 

2*31 

‘2*11 

Rakbra ... 

31 

r r 

6' 5" 

12' 8* 

1-83 

; 1*90 

1-74 

1*84 

1*78 

1*90 

1*83 

Sunnabile .. 

30 ; 

6'ir 

5' 8" 

12' 7" 

1-94 

2-05 

1*95 

‘2*10 

2*00 

2*14 

•2*03 

Average of group 

32 

7' 5" 

5' 11* 

13' 4" 

I’SS 

1*93 

1*88 

1*99 

1 

1*89 

2*03 

1*93 
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Averagr Measurements of Twenty Oanes, 

Varieties in the Saretha. ffrowp, 1916 and 1917 . 


1917 CROP (9 MONTHS OLD) 1916 C'KOr (13 MONTHS OLH) 



N umber of joints in cane 
up to -1" 

CS 

CD 

0 

1 

Number of larainas 

Average length of joints 

Length of .stripped cane 

Average thickness of 
oane 

Cane module 

N umber of joints in oane 
up to •!' 

Number of sheaths 

c 

1 

O 

s 

Average length of joints 

Length of stripped cane 

Average thickness of 
cane 

§ 

O 





III. 

In. 

om 





In. 

In, 

cm. 


Katha Section 















Raksi 

26 

29 

•29 

3-7 

79-9 

I '30 

154 








Katha 

28 

31 

31 

3-3 

73-6 

1-39 

132; ... 


... 





Raraui 

25 

•27 

•27 

3-6 

70-4 

1-49 

118 





... 



Lali’i 

25 

•28 

28 

4-1 

81-0 

1-38 

147 



... 





Chin 

30 

31 

34 

« 

77 3 

1 *56 

I'24 

36 

39 

39 

3'4 

H6‘3 

1'36 

177 

Chnnnee ... 

30 

33 

33 

2-9 

69 9 

1*53 

118; ... 

... 

... 


... 



Baraukha ... 

25 

28 

28 

3-8 

74 '9 

1 61 

116 

32 

34 

35 

4*3 

1029 

1*32 

195 

Kansav 

26 

28 

•28 

4-3 

86 *6 

1-59 

136 








Ohynia 

26 

28 

28 

4-0 

8r8 

)-67 

1*22 

... 




... 


... 

Burra Chunnoe 

28 

3.1 

33 

•2-4 

54 '3 

1 *70 

80 



... 





Sarotha (brown) 

27 


... 

3 9 

794 

1*71 

116 

42 

46 

47 

3*1 

i06'5 

1*6.') 

17*2 

Average of Katha Sec- 

27 

30 

30 


76 4 

1 54 

122 








tion 

Mesanoan Section 















Mesangan ... 

26 

29 

1 

•29 

3-4 

700 

1-.59 

11(1 


... 



... 



Saretha (green) 

30 

33' 

33 

3-4 

84-1 

1-64 

1'26 

... 


... 





Jaganathia 

22 

|25 

2.1 

|4-3 

74 1 

1-70 

109 

31 

34 

37 

.3*7 

85-9 

1*73 

1*24 

Khari 

23 

1 28 

28 i 

1 

4-0 

73-4 

1*91 

9fi 

•29 

31 

33 

3-9 

101*2 

1*74 

145 

HuUuKabbu 

21 

1 24 

24 I 

! 

4-5 

|732 

1-86 

99 

29 

32 

34 

4*4 

92*2 

2 01 

115 

Oanda Choni 

22 i 

26 

26 1 

4-6 

7 a -6 

2 03 

97 

28 

32 

.33 

4*5 

93*4 

l'S*2 

131 

Kalkya 

27 

1 ... 

34 

41 

83T 

•2*12 

98 

... 







Average of fflesangan 

24 

I 28 

28 

... 

76 6 

1*83 i 

112 



... i 

... 




section 





1 










Average of Saretha 

26 

29 

29 

3-8 

75 9 

( 1‘66 

116 

32 

; 35 

I 37 

39 

97-2 

1 67 

146 

group 





1 





L 






20f) STUDIES IN INDIAN SUGARCANE 


Average Measurements of Twenty Canes. 

Ymieiks of the Stmnabils gronp, 1916 mid 1917. 



j 1917 CROP (9 MONTHS OI-D) 

1 1916 CROP (K1 MONTH.S OCD) 


Number of joints in eaue 
up to 

Number of sheaths 

Number of laminas 

Average length of joints 

Length of stripped cane 

Average thickness of 
cane 



Cane modnle. 

N umber of joints in cane 
up to 1 " 

Number of sheaths 

Number of lamina.s 



Average length of joints 

Length of stripped cane 

Average thickness of 
cane 

I 

D 





In. 

In. 

cm. 





In. 

In. 

cm, 


Teru 


29 

29 

2 7 

.53-8 

1-lS 

114 








Eakhra 

24 

29 

28 

3-4 

()2'2 

1 42 

100 

40 

43 

46 

21) 

92-4 

1 -83 

128 

Ekar 

?6 

31 

31 

3-3 

69-7 

ITil 

Ilf) 




... 




Dhaulii 

28 

32 

^2 

2;8 

62 -4 

I -.32 

118 

3! 



2 8 

65 3 

... 


Kaf'lize 

25 

30 

30 

3‘2 

66-tl 

1-71 

96 

39 

43 

43 

2-6 

80-4 

1 74 

116 

Ketari 

25 



29 

cm 

1-65 

89 

38 

43 

44 

2-8 

8.5-2 

1 80 

118 

Bansa 

29 



3 1 

75-6 

1-7.5 

108 

43 

48 

49 

3-1 

107-4 

.1-72 

156 

Banai 

27 

30 

30 

2-8 

612 

2-03 

75 

42 

46 

47 

2-6 

88-3 ; 

1 70 

130 

Stmnabile ... 

27 

32 

32 

3-0 

66-0 

2-03 

81 

44 

47 

47 

2-6 

04-1 i 

2-03 

116 

Putli Khajee 

29 



36 

84-7 

2-19 

97 

35 

40 

41 

3-8 

105-2 

2-11 

125 

Khadya 

29 

34 

34 

2-8 

70-6 

2-17 

81 



... 





Naanal 

31 

34 

34 

2-7 

6-3 

2-05 

83 

42 

47 

47 

3-0 

103-4 

2-06 t 

125 

Hotte Oheni 

29 

31 

33 

2-2 

52*0 

2-20 

69 



... 





Dhor 

20 

24 

24 

2-8 

41*2 

1-86 

60 

43 

4,5 

47 

2 0 

99-5 1 

2-25 1 

111 

Mojorah 

24 

28 

28 

3-6 

67*3 

2-6H 

63 








Average of Sunnabile 
group 

27 

30 

30 

30 

64 0 

1-86 

87 

40 

46 

46 

2-9 

92 1 i' 

1-93 

119 

Average of Saretlia 1 
group ... .. i 

26 


29 

3‘8 

76 9 

1-66 

116 

33 

36 

37 

39 

97-2 1 

1-67 

146 
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Avkiuok Mkasuiiements of Tee Leaves. 
Vmktm of the Baretha group, 1917 . 
(Meaaiirenjente in Inchea.) 




Leaf Hukatii 



*1 fl 
■£ §.S 

111 

O’" 

Width 

at 

base 

Width 
at top 

a 

J 

1 

1 

» 

3 

*r: 

1 

KaTIIA fiEt'TlON 

llaksi ... 

1 *46 

2*37 

l*(ll! 

04(1 

4 0 

Katha ... 


3-01 

liO 

10 20 

3*3 

Ilamui ... 

l‘4fi 

2*72 

1*20 

10*30 

3*8 

Lali’i 

1*45 

2*78 

1*17 

11*07 

4*0 

Chin ... 

l-IMJ 

2 (10 

1*10 

.8 90 

3*4 

Chunnee 

1*44 

2*(i0 

1*20 

S'7(i 

3*3 

Barankha 

1 *44 

2*50 

1 '20 

11*50 

4 1) 

Kanaar ... 

l*5f) 

3*(ir, 

1*34 

10*90 

3*0 

Chyiiia ... 

1-57 

2-98 

i“irt 

I2*3ll 

1*1 

Burra Chunnee ... 

1*51 

2*05 

1*33 

12*50 

4.7 

Saretha (brown) ... 

I'M) 

r, 3-42 

1*‘23 

' 12'4(t j 

3*0 

Average of section 

1 48 

2 79 

ru 

10 74 ; 

3*8 

i 

MESANOAN aECT'ION I 






Mesangan ... 1 

1*49 

2*60 

l*25 

12*00 

5*0 

Saretha (green) ... 

1*50 

333 

1'37 

14*30 

4 3 

Jaganathia 

1 *44 

3*01 

1*27 

3 60 

4*5 

Khari ... 

i 1 *39 

3 0S , 

1*29 

13 25 

4*3 

HuIIii Kabbu 

1*42 

3 (K) 

1*12 

14 0.5 

4.8 

Ganda Cheni 

3 40 

3*{i*2 

1*65 

14*85 

4*1 

Kalkya... 

1*38 

3-43 

1*53 

13*40 

3*9 

Average of section | 

1*48 

3-16 

1 40 

13*84 

4*4 

Average of group ... | 

I 

1*46 

2*93 

1*22 

11*95 

4*1 


I/AMINA 


' Widtlj 
at 

base 


il'TS 

O'lll.'- 

(IS2 

(i'77 

()-8n 

(l-Hn 

(i-on 

((■H7 

d'SIK 

()'92 

084 

i*(iri 
1 ir. 
t-02 
1”04 
1*06 
1*21 

4*10 
0 04 


Midrib 

at!" 


1*09 

lUO 


Caminay/ 

/Midrib 

Eamina/ 

/Midrib 

Laraiini/^ 

/Midrib 

Distance 
from base 
to widest 

at 

at 12" 

at widest 

part 

•50 

•65) 

•90 


•16 

■11 

•06 

21 

*00 

•79 

•98 


*14 

•12 

■07 

22 

*78 

•69 

1’06 


•18 

■16 

■09 

23 

'll 

'79 

1-24 


•16 

•15 

•06 

28 

•81 

1-02 

1-19 


■14 

•12 

•08 

18 

•82 

•93 

1*03 


*16 

•13 

•10 

17 

'll 

•86 

1-U 


‘17 

•16 

*07 

25 

90 

r07 

1*41 


•15 

•16 

•08 

27 

*80 

•88 

1**25 


•17 

•15 

•08 

28 

*87 

•98 

1-24 


•20 

•16 

•11 

24 

•78 

•87 

1-08 


•10 

•14 

•08 

25*6 

•77 

89 

1*14 


•16 

•14 

•08 

23*5 

•93 

1-0-2 

1’12 


•16 i 

•15 

•09 

21 

1*07 i 

1-19 

1-22 


•14 i 

•14 

•11 

18*6 

•89 1 

l*0l 

1-65 


■22 

•21 

•07 

39 

1-00 1 

1*13 

1*58 


•19 

•18 

•10 

3-2 

•91 

1*05 

1-45 


•18 

•18 

•It 

30 

l‘2l 

1*34 

P75 


•24 

•21 

•19 

33 

1-07 

P18 

l‘4l 


•27 

1 •25. 

•15 

28 

I’Ol 

1*17 

1'4B 


•20 

1 -19 

•12 

28-8 

*87 

1 ’98 

1-26 


•18 1 

1 *16 

•09 

25*6 


Propor- 
tional 
height of 
widest 
part 


3' 9" 
3' 9" 
4' 3" 
V 4" 
3' 10" 
3' 9" 
4' 7" 
4' 8" 
4' 11" 
i' 4" 
4' 4" 
4" 3" 

4' r 
4' 0" 
5' 0" 
5' 0" 

5 ' r 

5' 3" 
5' ft" 
4' 10' 


Module 


208 

Aveeage Measueements op Ten Leaves. 

Varieties of the Sunnabile grouf, 1917. 


(Measureoients in inches.) 



Leap Sheath 

* LAMINA 

Clasping stem 
in terms of the 
circumference 

Width 

at 

base 

Width 
at top 

Length 

Module 

Width 

at 

base 

Lamina^ 

/Midrib 

Lamina^/ 

/'Midrib 

Lamina / 

//Midrib 

Lamina/^ 

/^Midrib 

Distance 
from base 
of widest 
part. 

Total length 

Propor- 
tional 
height of 
widest 
part 

Module 

atl" 

at 6" 

at 12" 

at widest 








•62 

•86 

1-09 

1-26 





Teru 

1-40 

2-36 

0-88 

10-2 

4*3 

■65' 

•10 

•10 

•09 

•08 

18 

3' r 

•42 

34 








•73 

•98 

1-19 

1-32 





Eakhra ... 

1-55 

2-65 

1-05 

12-2 

4*6 

•73 

•11 

•12 

•11 

•07 

20 

3' 4" 

•50 

SO 








•?o 

1-09 

1-32 

1-52 





Ekar 

1-43 

2-86 

1-OG 

12-9 

4-5 

•80 

•16 

•14 

•13 

•11 

17 

3' 11" 

•36 

31 








•63 

•92 

1-22 

1-35 





Dhaulu ... 

1’40 

2-86 

0-96 

12-4 

4-3 

•67 

•10 

•11 

•08 

•06 

17 

:r 5" 

•41 

30 








•84 

1-07 

1-27 

1-39 





Kagbze ... 

1-37 

2-77 

1-09 

12-3 

4*4 

•77 

•12 

•12 

•11 

•07 

19 

0" 

■40 

35 








•98 

MS 

1-36 

1-50 





Ketavi ... 

1-37 

3-08 

1-28 

12-5 

40 

•99 

•14 

•16 

•16 

•11 

17 

3' r 

•40 

29 








M2 

1-27 

1-45 

1-62 





Bansa ... 

1-37 

3-27 

1-34 

10-5 

3-2 

101 

•16 

•16 

•16 

•10 

21 

4' 2" 

4-2 

31 








•99 

1-45 

1-66 

1-83 





Banai ... ... 

1-37 

3-30 

1-28 

10-6 

3*2 

•99 

•12 

•12 

•10 

•06 

17 

3' 9" 

•38 

24 








•88 

1-23 

1-58 

1-84 





Sunnabile 

1-33 

3-27 

1-19 

IM 

3*4 

•92 

•13 

•13 

•11 

■09 

IS 


•44 

22 








1-49 

1-50 

i 1-56 

1-90 





Piitli Khajee 

1-37 

i 3-S9 

1-75 i 

13-3 

3*4 

1-48 

•19 

•IS 

•16 

•10 

25 

4' 3" 

•49 

27 








,112 

1-.33 

1-51 

1-74 





Naanal ... 

1-36 

i 3-55 

1*56 

12*70 

3-6 

1-08 

•14 

•16 

•16 

•12 

20 

4' 3" 

•39 

29 








1-15 

132 

1-57 

1-83 





Hotte Ohoni 

1-33 

' 3-70 

1-44 

12*5 

3*4 

1-15 

1 -13 

•16 

•16 

•11 

21 

3' ir 

'45 

26 








M4 

l-4() 

1-71 

1-84 





Bhor 

1-40 

3-32 

1-39 

10*5 

3*2 

1-08 

•14 

•16 

•14 

•11 

18 

3' 10" 

•39 

24 



! 





1-60 

1-79 

2*05 

2-27 





Mojorah 

1-36 

4-70 i 

1-92 

14-4 

3*1 

1-40 

•15 

1 -20 

•17 

■17 

18 

4' 4" 

•35 

2,3 








1-01 

ll-24 

1-46 j 

1-66 





Average of group 

1-39 

3-26 i 

1-30 

12*0 

3-7 

•98 

•13 

•14 ; 

•13 

■10 

19 

3' 10" 

•41 

28 








•79 

•87 1 

•98 1 

1-26 





Average of Saretha 

1-46 : 

2 93 j 

1-22 

11-95 

4-1 

•94 

•19 

•18i 

•16 

•09 

26 '6 

4' 5" 

•48 

43 

group 


1 














* These figures are not truly consistent, being obtained from different sets of raeasurenionts. 




Ammm MiASi»aiiMSNfs off Tem LiAffEi, 
Saretha and Sunnahih groups, 1916. 

(Measurements in inches.) 


Lamina 


Lkaf Sheath 


Lamina 


Lamina 


Pi'opor- 
tional 
height * 
of -f 
widest -r 
part » i5 


Lamina Lamina 


Distance 
from base 
to widest 
part 


Width 

at 

base 


Width 

at 

base 


Width 
at top 


Midrib 


Midrib 


Midrib 


Midrib 


At widest 
place 


SaKETHA GKO up 


Baraukha 


Ganda Cheni 


Hullu Kabbu 


Jaganathia 
Katha ... 
Khari ... 


Saretha 


Average of Saretha 1-46 3 09 j 1‘23 {ia-4) (3-8) 

group j 

SUNNABIbE GROUP j 


Baiisa 


Bans! 


Dhaulu 


Dlior (Harrai) 
Dhor (Seoni) 
Kaghze ... 
Ketari ... 


Mojo rah 
Naanal .. 


Putli Khajee 


Balchra 


Sunnabile 


Average of Sunna- j 1-35 3 37 

bile group. j 


These figures are not truly consistent, being obtained from different sets of mea.surem8nts. 



( 210 ) 

Average lengths of successive joints. Varieties of the Saretha Group, 1917 . 


Numbe»* 

Katha section (Measurements in inches) of 

joints 


Daksi 

4-4 

4-7 


4-2 

4-7 

41 

4-0 

3-9 

41 

3-7 

3-5 

3-0 

2-5 

2-5 


'^31 

3-0 




3-0 

2-7 

2-3 

2-2 

1-9 

0-7 

0-2 

0-1 

20 

Ivatha ■ . 

3-4 

4-3 

4 


4-2 

4-2 

41 

4-0 

3-7 

3-8 

3-6 

3-1^ 

5 : 7-^ 2 7g. 2-5 

2-5 

2-5 

2-4 

2-3 

21 


1-9 

1-G 

1-2 

0-9 

0-6 

0-3 

0-2 

0-1 

28 

Jlamiii 

3-5 

3-6 

3-8 

4-0 


3-8 

3-7 

3*4 

3(] 

3-7 

3-7 

3-8 

3-6 

3-4 

3-4 

31 

3-0 





2-4 

1-9 

l-G 

1-4 

1-0 

0-5 

0-2 

0-1 

25 

Lalri 

3 ’6 

4-4 

4-8 

4-8 

5 0 

|l 

4-4 

41 

4-3 

4 '3 

4-0 

3-7 


3-5 

3-3 

3-3 

3-3 





3-2 

2-7 

2-1 

1-3 

1-0 

0-7 

0-3 

0-1 

25 

Ohin 

3-5 

3 9 

4-5 

4-4 

4-^4-5 

4-3 

41 

3-9 

3-G 

3-3 

3-3 

3-3 

2-8 

2-8 

2-5 

2-G 

2-2 

21 

1-9 1-7 

1-G 

1-4 

1-1 

1-0 

1-1 

0-8 

0-4 

0-2 

01 

30 

<Jhiinnee 

31 

3-7 

4*0 

41 

4 -s' 

4™5 *'4'.<L;D7 3-3 

31 

2-9 

2-5 

2-2* 

'2-5 

2-3 

21 

21 

1-9 

2-0 

2-0 1-9 

1-G 

1-5 

1-3 

1-1 

1-0 

0-8 

0-4 

0-2 

0-1 

30 

llaraukha 

3-3 

3-8 

4 0 

4-3 

4-2 

4-4 

4-0 

3-4 

3-2 

3-5 

3% 

31 

3-2 

3-3 





2-G 

1-8 

1-3 

1-3 

0-9 

0-4 

U-2 

0-1 

25 

Kansar . • 

41 

4-8 

51 

5-0 

f 

51 

51 

5-0 

4-6 

4-0 

4-2 

4-2 

4 0 

3-8 

3-G 

3-8 

3-6 

3-4 

2-9 




2-9 

2-3 

1-G 

1-0 

0-8 

0-4 

0-2 

0-1 

2G 

<Jhynia 

3-8 

4;4. 

,.4.>4“*”4"r4-G 

4-5 

4-4 

4-3 

4G 

4-2 

3-7 

3-4 

3-8 

3-7 

^-6 

3-5 

3-3 

31 




2-9 

2-1 

1-9 

1-5 

0-9 

0'4 

0-2 

01 

20 

Burra Ohunnoe 

3-0 

sV 


2-8 

3-0 

2-8 

2-7 

2-7 

2-5 

2-3 

21 

2-0 

2-2 

2-2 

2-3 

.2-2 

2-0 

1-9 

1-8 

1-8 


1-7 

1-3 

1-0 

0-8 

0-7 

0-4 

0-2 

0-1 

28 

Harotha 

4-0 

4-8 

4-9 

■y 

#>•0 

4-9 

4-8 

4-0 

41 

3-8 

3-G 

3-4 

3-2 

2-7 

2-G 

2-9 

31 

3-0 

2-9 

2-G 



2-4 

1-8 

1-3 

1-1 

1-1 

0-5 

0-2 

0-1 

27 

Av. of section 

3-0 

41 

4-3, 

4-4 

4-4 

4-3 

41 

3-9 

3-9 

3-7 

3-4 

3-2 

31 

3-0 

3 0 

2-9- 

2-9 

2-5 

2-4 



2-4 

1-9 

1-5 

1-2 

11 

0-5 

0-2 

01 

27 


Mosaiigan section 


]\tesangau 

3-2 

4-2 


•..4-4 

41 3-7 3-6 

41 

4-3 

4-0 

3-4 

2-G 

2-4 

2-3 

2-2 

2-4 

4 

2-4 

2-3 

2-3 

1-9 

1-3 

0-9 

0-5 

0-2 

0-1 

26 



























Saretha 

3-5 

4-0 

4-5 

4%5 

4-5 41 3-8 

3-7 

3-G 

3-5 

3-3 

3 0 

2-9 

2-9 

2-7 

3-0 

31 

2-9 2-8 2*7 

2-6 2-5 2-6 

2-G 

2-0 

1-4 

0-7 

0-4, 

0-2 

0-1 

30 


























J uganathia . . 

31 

3-8 

4-2 

5-0 

5 - 0 - 44 .) 

4-5 

4-5 

4-6 

4-2 

4-0 

41 

3-9 





3-G 

3-6 

3-0 

2-0 

1-1 

0-5 

0-2 

0-1 

22 

Kliari 

2-9 

3-3 

3-8 

4-2 

4-7 4-G/?S 

4-4 

4-4 

4-2 

4-2 

4-2 

3-8 

3-7 

3-4 




3-1 

3-2 

2-8 

1-9 

1-1 

0-4 

0-2 

0-1 

23 

Ifullu Kabbu 

3-0 

4-0 

3-9 

4-2 

5-0..‘'l5‘-2 51 

4-7 

4-6 

4-7 

4-8 

4-G 

4-4 






4-7 

3-9 

2-6 

1-9 

1-1 

0-5 

0-2 

0-1 

21 

'Ganda Choui 

2-G 

3-4 

4-4 

5-5 

5-G'v4‘~ 0 

4-7 

5-2 

5-0 

5-0 

4-7 

4-5 

4-3 





4-2 

3-4 

2-6 

1-8 

1-1 

0-6 

0-2 

0-1 

22 






"No 





















Kalkya 

3-4 

4-0 

4-8 

4-8 

4-8 5-0 5-0 

4-7 

4-9 

4-3 

4-3 

4-2 

41 

3-9 

3-8 

3-4 

2-9 

2-4 1-9 

1-5 

1-2 

1-1 

1-0 

0-7 

0-4 

0-2 

0-1 

27 

Av. of section 

31 

3-8 

4-3 

4-7 

4*8 4-6 4-5 

4-4 

4-5 

4-3 

4-2 

3-9 

3-7 

3-5 

3-4 

3-2 



3-1 

2-9 

2-3 

1-6 

1-0 

0-5 

0-2 

0-1 

24 

Av. of group . . 

3-4 

4-0 

4-3 

4-5 

is 

4-6 4-4 4-3 

41 

41 

3.9 

3-7 

3-5 

3-3 

3-2 

3-0 

2-9 

2-9 

2-8 

2*7 

2-3 

1-8 

1-4 

1-0 

0-5 

0-2 

0-1 

26 


For curves of the Saretha and Sunnabile groirp averages, see jiages in .Detailed List Of Charactei-s. 



( 211 ) 

Average length of successive joints^ Varieties of the Akinnahik Group, 1917 . 

Number 

(Measurements in inches) of 

B joints 


Torn 

.. 3-2 

31 

3-2 

>4' 3 0 3-9 3-7 

So 30 

2-6 

2-3 

21 

1-9 

1-7 

1-7 

1-0 1-5 







1-7 

1-9 

1-6 

1-3 

0-7 

0-4 

0-2 

0-1 

25 

Rakhra 

.. 3-8 

4-1 

41 

4-(T'3-S.. 3-8 3-9 

3-7 3-3 

31 

3-0 

31 

2-8 

2-4 

2-2 

.2-4 







2-2 

2-0 

1-6 

1-3 

0-7 

0-4 

0-2 

0-1 

24 

Ekar 

.. 3-2 

3-4 

3-5 

3.7 -3*8 3-9 4 0 

3 8 S-O 

3-4 

3-2 

3-0 

2-9 

2-7 

3^r 

.,19 2-7 

2-5 






2-6 

2-4 

2-3 

1-6 

0-8 

0-4 

0-2 

0-1 

26 

Dhaulu 

.. 3-2 

3-3 

3•7^q;5 3-2 2 9 3-0 

3-1 ^ 

31 

2-8 

2-5 

2-2 

2-0 

2-3 

2-o'4-\ 

2-3 

2-1 

2-1 




1-8 

1-5 

1-3 

1-0 

0-6 

0-4 

0-2 

0-1 

28 

Kaghze 

2-2 

31 

3-6 

3\ 3-5 3-3 3-5 

3-7 3-s" 

3-3. 

33 

31 

2-9 

2-9 

2-8 

2-8 2-n 







3-1 

2-8 

2-5 

1-8 

0-9 

0-4 

0-2 

0-1 

25 

Ketari 

.. 2-4 

2-8 

31 

3-5 3-5 3 1 2 8 

31 3-2 

3-3 

3-4' 

30 

2-7 

2-6 

2-0 

2-4 2-2 







2-0 

1-7 

1-9 

1-5 

1-1 

0-6 

0-2 

0-1 

25 

Bansa 

.. 2-9 

3-2 

3-4 

3-6 3-7j3-7 >7. 

3-3 3-2 

3-3 

3-3 

3-5 

3-4 

3-2 

3-0 

2-7 2-7 

2-7 

2-6 

2-5 

2-4 



2-4 

2-1 

1-9 

1-0 

0-9 

0-5 

0-2 

0-1 

29 

Bansi 

.. 2-3 

2-6 

2*8 

2*9 3dl- 3'0 '3-1 

3-4 3*2 

3 b 

'31 

30 

2-9 

2-8 

2-9 

2-7 2-5 

2-3 

2-1 





1-9 

1-5 

1-5 

1-1 

0-7 

0-5 

0-2, 

0-1 

27 





























Snnnabilo 

.. 2-8 

3-1 

3-2 

3*3 30 3T 3'i-^^4.JJ:4_3-6 

.3-4 

31 

3-0 

2-9 

2-9 

2-7 2-7 

2-0 

2-4 





2-0 

1-8 

1-6 

1-2 

0-9 

0-5 

0-2 

0-1 

27 

Putli Khajee 

.. 2-7 

3-3 

3-4 

3-6 3-7 3-9 3-9 

3:9-3-9 

4-0 41 

40 

3-8 

3-7 

3-0 

3-4 3-4 

3-3 

3-4 

3-8 

3-2 



2-5 

2-0 

1-6 

1-2 

0-8 

0-4 

0-2 

0-1 

29 

Khadya 

.. 2*1 

2-5 

2-9 

3-2 3-3 3-4y3-3 

3-3 3-2 

31 

31 

3-1 

3-0 

2-8 

2-7 2-0 

2*5 

2-4 

2-1 

1-9 

2-0 

1-8 

1-3 

1-4 

1-6 

1-3 

0-7 

0-4 

0-2 

0-1 

31 

Naamal 

.. 1-9 

2-3 

2-3 

2-4 2-8 31 3^1 

3-0- 2:1 

2-8 

2-9 

3-2 

3-2 

30 

2-7 

2-8 2-8 

2-8 

2-6 

2-6 

2-5 

2-1 

1-8 

1-6 

1-6 

1-3 

0-9 

0-7 

0-4 

0-2 

0-1 

31 

Hotte Olieni 

.. 2-6 

3-2 

32 

3*3 3- 3 JjS.. 

3-7 

3-6 

3-0 

3-5 

3-3 

3-3 

3-4 2-9 

2-5 

2-3 

2-0 

1-8 



1-6 

1-4 

1-2 

0-9 

0-6 

0-4 

0-2 

0-1 

29 

I)hor 

.. 2-5 

2-9 

30 

3'2 3 0 2-7 

2-6 2 0 

2-6 

2-5 

3-4 











1-9 

1-8 

1-6 

1-2 

0-8 

0-4 

0-2 

0-1 

20 

Mojorah 

.. 3-1 

3-G 

3-9 

4-4 4*2 4-2 4-3 

4-2 4-2 

3-8 

3-4 

3-3 

3-3 

3-0 

2-8 

2-5 







2-2 

1-9 

1-6 

1-6 

1-0 

0-5 

0-2 

0-1 

24 

.Av. of group 

.. 2-7 

31 

3-3 

3-4 3-4 3-5 3-5 

3-4 3-4 3-3 

3-2 

31 

30 

2-8 

2-8 

2-7 2-4 

2-3 

2-2 





2-1 

1-9 

1-7 

1-3 

0-8 

0-4 

0-2 

0-1 

27 



( 212 ) 

Average Lengths of Successive Joints, 1916 ^ 


i i . , Number 

Saretha group (Measurements in inches) of 

■ ^ ^ : joints 


'iJarauklm 

.. 3-9 

4-6 

5-0 

4 

5-0 

o-O 

445 

4-4 

4-3 

4-0 

4-1 

4-1 

4-3 


^4^ 

4-9 

4-5 

4-5 

4-4 

4-1 

3-7 

3-2 

2-9 

2-6 


2 

3 

2-2 

1-9 

1-9 

1-5 

O-ii 

0 

3 

0 -L 

32 

Oaiula CUeui 

.. 4-0 

4-4 

5-0 

5-^ 


5-1 

4-9 

4'9 

4-6 

4-7 

4-9 

4-9 

5-0 

5-2 

TT 

1-'o-3-9-^'&-3^a:SL 






() 

2-2 

1-7 

1-3 

0-8 

0-4 

0 


0-1 

28 

Chin 

. . 3-4 

4'1 

4-7 

4-7 

V. 

4-8 

4Tr 



4-4 4-i 

3-5 

3-f) 

3-5 

3-5 

3-5 

3-2 

3-1 

3-0 

2-8 

2-5 

2-4, 

2-7 • 

.-fo 

3-0 2-6 2 

3 2-1 1-9 

1 

7 

1-4 

1-5 

1-2 

1-0 

0-5 

0 

3 

0-1 

3i) 

Hullu Kabbu 

. . 4-4 

4-5 

4-9 

0-2 

5-1 


"^■'"54} 

5-2 

4-9 

4-8 

4-6 

4-2 

4-2 

4-0 

3-5 

3'0 

2-7 

2-3 





2 

1 

2-2 

2-1 

1-9 

0-9 

0-4 

(» 

2 

0-1 

29 

Jaganathia 

.. 3-4 

4-0 

4-4 

4- r4^6'''-4'6-.~4:4., 4;0 

4-0 

3-9 

3-0 

3-5 

3-7 

3-6 

3-5 

3-7 

4-(:f 

3-7 

3-7 

3-2 

2-7 

2 -() 

2-5 



2 

0 

1-7 

1-7 

1-4 

1-0 

0-5 

O' 

'2 

0-1 

31 

Khari 

. . 3-5 

3-9 

4-0 

4-2 

3-9 

3-8 

4-1 

4*6 

4-5 

4-4 

4-0 

4-3 

3-9 

4-1 

3-9 

3-8 

3-4 

3-(» 

2-6 





2 

1 

1-9 

1-5 

1-2 

0-9 

0-5 

O' 

•2 

0-1 

29 

Saretlia 

.. 3-2 

3-4 

3-4 

3-3 

3-7 

4-0 

3-8 

3-(5 

3-i) 

3-3 

3-0 

3-6 

3-3 

2-9 

2-9 

2-9 

3-1 

3-2 

3-7 

4-0 

4-1 

4-0 

3-7 

3-5 3-6 3- 

•3 3*0 2-6 2-2 1-8 1-6 1-5 1-0 1*7 


0 

2-1 

1-9 

1-6 

M 

0-4 

0 - 


0-1 

42 

Av. of Group 

.. 3-7 

4-1 

4-0 

4-7 

4*6 

4-6 

4-5 

4-0 

4-4 

4-3 

4-2 

4-1 

4-1 

4-1 

4-0 

3-9 

3-8 

3-7 

3-5 

3-3 

3-1 

2-9 

2*7 

2-5 


2- 

3 

2-0 

l-S 

1-5 

1-0 

0-5 

0; 

'2 

0-1 

32 


Stninabile group 


Bansa 

.. 3-0 

3-3 

3-5 

3-3 

3-5 SiJ-' S-S 

3-7 

3-5 

3-4 

3-4 

3-5 

3-4 

3-3 


3-5 3-4 3-4 3-3 

3-4 

3'3 

3-2 

3-1 

3-0 

2*0 

2‘7 

2-6 

2-5 

2-5 

2-4 

2-3 

3‘2 

2-1 2-1 2-0 HI 

i-6 

1-6 

1-3 

0-8 

0-4 

0-2 

0-1 

43 

Bansi 

.. 2-2 

2-4 

2-5 

2-5 

^o"’2-4 2-6 

2-7 

2-6 

2-5 

2-4 

2-6 

2-9 

3-0 

3-2 

3lT'2*9^ 2-8 

2-8 

3-0 

2-8 

2-6 

2-6 

2*6 

2-7 

2-5 

2-5 

2-3 

2-5 

^•4 

2-6 

1-9 1-9 1-8 

1-7 

1-4 

1-2 

0-9 

0-5 

0-2 

0-1 

42 

Dhor (Harrai) 

.. 2-6 

2-8 

3-1 

3-3^3^,.3-2 3-0 

3-0 

3-3 

3-0 

2-9 

3-1 

31 

3-1 

3-1 

3-1 3-2^i-3 3-1 

2-9 

2-7 

2-7 

2-6 

2-6 

2-6 

2-7 

2-6 

2-4 

2-3 

2-2 

2-3 

2*5 

2-3 

2-2 

2-1 

1-5 

0-9 

0-5 

0-2 

0-1 

40 

Dhor (Seani) 

.. 2-8 

2-9 

3-0 

3-1 

3-2yf4 3-3 

3-2 

3-2 

3-2 

3-3 

3-3 

3-1 

3-0 

3-2 

3-2 3-4' 3-4 3-3 

3-2 

3-0 

3-0 

3-0 

2-9 

2-6 

2-5 

2-4 

2-5 

2-3 

2-2 

2-3 

2-4 

2-4 2-3 2-1 

1-9 

1-7 

1-3 

0-8 

0-4 

0-2 

0-1 

43 

Kaghze 

.. 2-3 

2-6 

2-9 

3-3 


3-1 

3-2 

3-4 

3-3 

3-1 

3-1 

3-2 

3-3 

2-9 2/7 2-8 2-8 

2-6 

2-5 

2-4 

2-1 

1-8 

1-5 

1-4 

1-6 

1-6 

2-0 

1-7 

1-4 


1-7 

1-8 

1-7 

1-3 

0-7 

0-4 

0-2 

0-1 

39 

Ketari 

.. 2-5 

2-8 

3-3 

3-0 

3-6 3-^ 3-8 

3o 

3-5 

3-4 

3-4 

3-4 

3-2 

3-0 

3-1 

3-0 2-8 2-9 2-7 

2-5 

2-3 

2*2 

2-3 

2-0 

2-1 

2-0 

2-0 

2-0 

2-4 

21 



2-1 

2-0 

1-8 

1-3 

0-8 

0-4 

0-2 

0- 1 

its 

Naaiial 

.. 2-7 

3-0 

3-3 

3-6 

3-7 3-7 ^3-T 

"3-6- 

3-5 

3-5 

3-6 

3-3 

3-3 

3-2 

31 

3-0 '3-1 3-1 3-0 

3-0 

2-9 

2-9 

2-8 

2-8 

2-7 

2-7 

2-7 

2-7 

2-6 

2-6 

2-6 

2-5 

2-4 2-5 ■ ,2-5 

2-2 

1-9 

1-4 

0-8 

0-4 

0-2 

0-1 

42 

Putli Khajee 

.. 2-9 

3-2 

3-6 

3-9 

3-9 4-1 4-4 

4-4 

4;4 

4-5 

4-5 

4-3 

4-2 

4-3 

4-3 

4-5 4-4 .. 4-2 4-2 

3-9 

35 

3-4 

3-2 

2-8 

2-6 

2-4 

2-3 






2-3 

2-1 

1-8 

1-4 

0-8 

0-5 

0'2 

0-1 

35 

Rakhra 

2-2 

2-4 

3-0 

3-0 

3-1 3:a-3'5 

3-(> 

3-6 

3-4 

3-2 

3-1 

3-2 

3-1 

2-9 

2-8 2-9 3-0" IkO 

2-f4 3-1 

30 

2-8 

2-7' 

2-6 

2-6 

2*5 

2-5 

2-4 

2-4 

2-3 

2-3 

2-3 

2-1 

1-8 

1-4 

0-8 

0-4 

0-2 

0-1 

40 

Surmabilo 

.. 2-8 

2-7 

2-8 

3-0 

3-1 2-9 2-8 

2-7 

2-7 

2-8 

2-7 

2-5 

2-5 

2-6 

2-7 

2-8 2-8 2-8 2-9 

2-9 

2-8 

2-8 

2-7 

2-8 

2-8 

2-5 

2-5 

2-3 

2-4 

2-1 

2-1 

2-1 

2-2 2-3 2-2 2-0 1-8 

1-8 

l-S 

1-6 

0-9 

0-4 

0-2 

0-1 

44 

Av. of G I'oup 

.. 2-6 

2-8 

3-1 

3-3 

* 

3-3 3-4 3-4 

3-3 

3-3 

3-3 

3-3 

3-2 

3-2 

3-2 

3-2 

3-2 3*2 3-2 3-1 

3-0 

2-9 

2-8 

2-7 

2-6 

2-5 

2-3 

2-3 

2-3 

2-1 

2-0 

2-0 

2*2 

2-0 2-1 

1-9 

1-7 

1-4 

0-8 

0-4 

0-2 

0- 1 

41 



( 213 ) 

Average lengths of successive leaf-sheaths. Varieties of the Saretha Groups 1917 


Katlui section 


{Measurements in inches) 


Number 

of 

sheaths 


Raksi 

11-9 

12-3 

12 - 5 li 3 ^^- 43 : 212-3 11-9 

11-7 

li -4 

11-0 

11-0 

11-1 

10-5 

10-2 

10-0 

9-8 

9-7 

9-6 

9-4 

9-2 

9-1 





9-1 

9-0 

8 -S 

8-6 

6-8 

1-8 

0-3 

0-1 

29 

Katha .. 

l ()-7 

11-2 

11-5 

11-9 

12-0 

11-5 

11-3 

11-0 

11-1 

10-9 

lO-S 

10-8 

10-2 

9-8 

9-4 

9-1 

9-1 

9-2 

9-2 

9-1 

9 -D 



8-7 

S -7 

7-6 

4-7 

1-9 

0-8 

0-2 

0-1 

31 

Ramui ■ • 

9-2 

l ()-4 

10-8 

10-9 

10-9 11-0 Jl -1 

11-0 

11-0 

10-7 

10-7 

10-9 

10-7 

^fo 

10-9 

10-7 

10-8 

10-4 

10-2 







10-0 

9-6 

8-6 

8-4 

7-4 

3-4 

0-5 

0-2 

27 

Lalri 

10-8 

li -0 

11-6 

11-6 

12 ^ 0^0 12-0 

12-0 

11-9 

11-5 

11-3 

10-9 

11 / 

10-9 

11-0 

10-5 

ll-O 

10-8 

10-5 

10-6 






10-6 

10-3 

9-1 

S -0 

5' 5 

1-8 

0-3 

0-1 

28 

Chin 

10 -e 

11-0 

11-0 

IM 

lHNai -2 11-1 

10-9 

10-7 

10-7 

10-3 

10-1 

lO-O 

/ 

9-8 

9-8 

9-6 

9-5 

9-4 

9-3 

9-2 

9-0 

9-0 

8-8 

S -8 

8-7 s-r 

8-4 

7-7 

7-7 

7*9 

5-5 

2-8 

0-2 

0-1 

34 

Ctiunuee 

9-5 

10 -:? 

10-9 

11-4 

11 -G lllb 11-8 

11-4 

11-3 

11-0 

10 -S 

10 - 5 ^ 

10-0 

9-9 

9-6 

9-1 

9-1 

9-0 

9-0 

6’7 

8-0 

S -7 

8-7 

8-3 

7-9 

7-8 

7-4 

6-8 

8-5 

6-7 

2-9 

0-3 

0-1 

33 

Barauljha 

10-7 

11-3 

12-1 

12- 1 

12-5 12 | 12-8 

12-4 

12-5 

12-6 

12-7 

12- 8-, 

12-5 

12-2 

12-2 

12-3 

12-2 

120 

11-9 

11-7 






11-8 

10-7 

9-5 

8-0 

4-0 

0-7 

0-2 

0-1 

28 

Kansar 

11-1 

11 -9 

12-3 

12-7 

12-^..^-0 12-6 

12-3 

12-3 

12-3 

12-4 

12-1 

il -6 

% 

11-3 

11-3 

11-4 

11-3 

11-4 

11-2 

11-1 






11-2 

10-4 

9-8 

8-6 

4-3 

1-0 

0-2 

0-1 

28 

Ohynia 

10-9 

11-8 

12-5 

12-6 

13 - Yh^-o 12-8 

12-5 

12-4 

12-8 

12-3 

12-6 

12-8 

12-3 

12-2 

12-2 

12-4 


12-2 

11-8 






11-6 

11-3 

10-3 

8-8 

8-0 

1-8 

0-2 

0-1 

28 

Burra Glmniiee 

12-7 

13-0 

13-1 

13-3 

13-4 13-6 13-4 

13-2 

13-1 

13-2 

13-2 

13-2 

12-8 

12-7 

12-8 

12-8 

12-8 

13 ^ t ) 

12-9 

12-5 

12-5 

12*7 

12*7 

12-3 

12-2 

12-1 

10-9 

9-9 

8-8 

4-2 

0-7 

0-2 

o-l 

33 

Av. of section 

10-8 

11-4 

11-8 

11-9 

12-2 12-2 12-1 

11-9 

11-8 

11-7 

11-6 

11-5 

11-3 

11-1 

11-0 

10-8 

10-8 

10 - 7 \ 

10-6 

V ' 

10-4 

10-2 

10-1 




10-1 

9-6 

8-8 

7-8 

5-2 

1-7 

0-3 

0-1 

30 

Mesangan section 

















\' 
















Mesangan 

12-1 

13-3 

14-4 

14-8 

n 

15-1 lo-K 14-9 

14-6 

13-9 

13-7 

14 - 2 . 


13-8 

13-1 

12-7 

12-1 

12-2 

JL 2 ' 3 " 

12-4 

12-3 

12-0 





11-6 

11-2 

9-9 

S -7 

4-1 

0-5 

0-3 

0-1 

29 

Saretha 

10-8 

11 •4 

11-7 

12-3 

12-5 12-9 i 3-3 

13-3 

13-2 

13-3 

13-4 

13-3 

12-9 

12-6 

12 - 4 _,, 12 ' 2 “ 

1lI-8 

11-6 

11 -5 

11-4 

11-4 

11-2 

11-3 

11-2 

IM 

11-0 

10-5 

9-9 

7 -S 

3-0 

0-8 

0 - 3 , 

' 0-1 

33 

Jaganathia 

11-2 

11-0 

12-3 

13-0 

13-3 13-5 13*7 


.^ 13-4 

13-4 

13-2 

12-8 

13-0 

13-0 

13-2 


12-8 









12-6 

11-6 

11-7 

11-5 

8-8 

0-9 

0-2 

0-1 

25 

Khari 

11-7 

12-3 

12-3 

12-6 

12-7 12-9 12-9 

13-2 

m 3 

13-0 

12-9 

12-6 

12-5 

12-5 

12-5 

12-4 

^ 12;2 

12-2 

12-4 

12-2 






12-0 

12-0 

11-3 

9-8 

4-8 

0-7 

0-2 

0-1 

28 . 

Hullu Kabbu 

10-8 

11*3 

11-6 

12-3 

12-7 13-2 13-2 

13 - V 1 " 3-7 

13-5 

13-3 

13-0 

13-4 

12-8 

13-1 

12-4 









12-7 

12-2 

11-0 

9-1 

4-8 

0-9 

0-2 

0-1 

24 

Ganda Choni . . 

12-5 

13-0 

13-6 

14-1 

14-4 14-8 14-9 

13-2 

150 

14-6 

14-1 

14-8 

14-5 

14-7 

14-2 

14-0 

14-2 

14-3 








14 -S 

13-5 

12-9 

11-5 

5-3 

0-6 

0-2 

0-1 

26 

Ar. of section 

11-5 

12-0 

12-7 

13-2 

13-4 13-8 13-8 

* ' 

13-8 

13-8 

13-6 

13-5 

13-4 

13-3 

13-1 

13-0 

12-7 

12-8 

12-6 

12-5 

12-5 






12-4 

11-8 

11-1 

9-7 

3 -S 

C -7 

0-2 

0-1 

28 

At. of group 

IM 

11-7 

12'2 

12-4 

■ m 

12*7 12'8 127 

12-6 

12-5 

12-4 

12-3 

12-2 

12-1 

11-8 

11-7 

11-5 

11-4 

11-3 

11-2 

H-2 

il-1 

IM 




11-0 

10-4 

9-7 

8-5 

5-1 

1-3 

0-2 

0-1 

29 



1 214 ) 

Average lengths of successive leaf-sheaths. Varieties of Smmabile Grouf, 1917 , 

(In some cases too many leaf-sheaths were missing for reliable figures to be obtained.) 

(Measurements in inches) 

J^umber 

of 

sheaths 


Teru 

. , 10-3 

lOS 

11-1 

11'1T1*2 10-S 

10*9 

11*0 

11*2 

F 

11^ 

11*3 

11*1 

10*4 

9*9 

9*8 

9*7 

0*4 

9*0 8*9 

8*4 

8*5 






8*5 

7*9 

7-1 

5*7 

2*2 

0*5 

0*2 

O'l 

29 









I. 

























Ekar 

.. IhS 

12-1 

12-6 

12*1.5 12*11 -12*4 

12*4 

12*4 

12*5 

12*7 

12-5 

i3-.5 , 

12*3 

12*0 

11*8 

11*7 

11*8 

12*1 l%-2 

12*0 

11*7 

11*8 

11*9 




12*4 

12*3 

11*1 

5*6 

I'U 

0*5 

0*2 

O'l 

31 

Dhaulu 

.. 11-3 

11-7 

12*0 

12*4 12*4-l*2*"8' 

12*9 

12*5 

12*4 

12*3 

12*2 

12:4 

12*6 

12*4 

12*0 

11*5 

11*4 

11*4 U\7 

U*5 

11*4 

11*0 

11*1 

10*9 



10*0 

10*4 

9*5 

6*7 

2*3 

0*5 

O' 3 

(I'l 

32 

Bakiira 

.. 11-3 

12-4 

131 

13*2 13*2. 13*1 

13*0 

13*0 

13*1 

13*2 

13*3 

13*3 

t3«0. 

12:8 

12*7 

12*6 

12*4 

12*6 12*2 

12*4 

12*5 






12*3 

12*1 

11*2 

7*2 

1*5 

0*4 

O' 2 

O'l 

29 

ICagliKe 

.. 11-4 

11-7 

12*0 

12*1 12*3 12*5 

12*5 

12*1 

12*0 

12*0 

11*9 

11*9 

11*8 

11*9 

12*0 

12*0 

11*9 

11*8 i2*:i 

12*3 

12*2 

12*0 





12*6 

12*5 

9*9 

3*9 

0*8 

0*4 

0'2 

O'l 

30 

Ketari 
















,/ 

















Bansa 

































Bansi 

.. 10-0 

10-6 

11*3 

ri'4, 10*9 11*1 

11*2 

11*1 

11*2 

11*3 

11*5., 

,11*3 

11*3 

11*2 

11*4 

11*0 

11*3 

ll;^''ll*5 

11*4 

11*1 

10*8 





10*2 

9*8 

8*8 

5*5 

1*8 

0*5 

0'3 

O'l 

30 

Sunnabile 

.. Ill 

11-2 

11*4 

11*5 ii*a 11*4 

11*1 

10* « 

10*8 

11*1 

11*0 

lll*2 

11*0 

10*4 

10*1 

10*2 

10*5 

f- 

Ml*6 10*2 

10*6 

10*4 

10*2 

10*1 

10*5 



10*0 

10*1 

8*5 

4*8 

1*3 

0*6 

0'2 

0*1 

32 

Putli Khajee 

































Kluidya 

.. 11-3 

li-3 

11*3 

11*3 11*5 11*5 

ii*6 

11*5 

11*5 

11*3 

11*2 

11*2 

11*0 

11*2 

11*2 

11*2 

lh2 

11*0 10-S 

10*7 

10*7 

10*8 

10*8 

10*5 

10*3 

10*1 

9*9 

9*7 

9*7 

8*2 

3*5 

0*7 

0'3 

O'l 

3-1 

Naanal 

.. 10-4 

IM 

12*5 

12*4 12:,8..42*-8'" 

12*9 

12*8 

12*8 

12*6 

12*5 

12*5 

12*4 

12*3 

12*3 

12*4 

12*'^ 

12' 3. 42*2 

12*1 

12*1 

12*0 

12*1 

11*9 

11*7 

11*4 

11*2 

10*6 

9*3 

6*2 

1*8 

0*5 

0'2 

O'l 

34 

Hotto Oheni 

12-9 

12-9 

13*0 

13^ 13*2 13*1 

12*6 

12*4 

12*2 

12*3 

12*4 

12*# 

12*6 

12*5 

12*0 

12*2 

12*0 

11*6 11*9 

12*3 

12*1 

12*0 

11*9 




11*8 

11*4 

10*2 

7-1 

2*5 

0*8 

0-3 

O'l 

31 

t)hor 

. . 10-8 

11-4 

ll*pt^4\*8 11*6 11*6 

11*7 

11*7 

11*3 

11*4 

11*1 

10*9 

10*6 

10*3 

10*0 

9*3 










9*9 

10*0 

9*3 

7*9 

4*7 

1*5 

0'4 

O'l 

24 

Mojorah 

.. 14(} 

15-2 

1.t8 

15*7 15*3 15*2 

14-9 

14*9 

14*3 

14*2 

14*0 

14*1 

14*4 

14*4 

14*6 

14*4 

13*9 

13*9 13*8 

13*9 







13*6 

12*8 

11*4 

6*0 

1-5 

0-6 

0-2 

O'l 

28 

Av. of group 

.. Ih4 

11-9 

12*3 

12*4 12*4 12*4 

12*3 

12*2 

12*1 

12*1 

12*1 

12*2 

11*9 

11*8 

11*7 

11*5 

11*7 

11*6 11*6 

11*5 

11*3 

11*3 





11*1 

10*8 

0*7 

6*2 

2*1 

0*6 

0'2 

O'l 

30 


JHofc. There appears to be a tendency to periodicity in the first few varieties. A second maximum has been inserted by changing 12T to 12-2. 



■■■ ■■ ( 215 .) ■ . ■ , , 

Average lengths of successive leaf-sheathss 1916. 

■dumber 

Saretha group (Moasuromeats in inches^ of 

■ ■ ■ sheaths 


F>uraukha 

. . l2-;5 

12-3 

12-3 

12-3 

12-0 

12-2 

12d 

12-4 

12-2 

11-8 

11-0 

11-3 

11 -s 

11-4 

11 A 

11.-5 -n-7' 

11*8 11-8 

11*5 

11-3 11*2 

10-8 

10*5 

10-6 




lU'O 

9-S 

iS-(i 

7-7 

0*4 

3-4 

0-7 0-J 

34 

hianda Ohcni 

. . 13-0 

14-t> 

1-1 •.) 

14'!) 

15-2 

hf-o lo'3 

l.j-3 

14-8 

14-5 

14-0 

14:5 

14-4 

14-6 

14-7 

14!)" 

14-7 14-8 

14*<l 14'3 

14*2 

139 14*0 

13*8 






i3'4 

12-8 

11 *3 

!)-4 

4*(i 

0-0 

0-2 (Pi 

32 

tJliin 

. . »•() 

101 

10;;i 

■lO'tT' 

lo-.s 

n-0 10-3 

W-9 

10-7 

10-5 

10-2 

10-0 

9-9 

9(5 

9-.> 

9-3 

91 !>2. 

9*3 9*3 

9*2 

9*2 9-1 

9*0 

9*i 

9*1 

9*2 9*3 9-3 9-3 

9*4 


8- 9 

!»•! 

8*8 

8-3 

5-!) 

]-l 

l)-4 0-1 

3!) 

i:l.nllu Kal)l)u 

.. 15-2 

14-‘() 

-14-4 

]4.li 

il-q 

14-4 14-4 

14-4 

14-4 

14-1 

14-0 

14-0 

13-9 

13-7 

13-7 

13-!> 

13(t 13-4 

13’5‘ 1^-3 

12-9 

12-8 12-3 

12-3 






11-4 

11-0 

11*7 

0-7 

5-2 

0*7 

U-2 i»-i 

32 

<fiig!inathia 

.. li-S 

122 

13-0 

13-3 

13-7 

14-0 '14-3 

14-0 

13-S 

13-4 

12-7 

12-8 

12-5 

12-2 

11!) 

12-2 

12-2 li-9 

12-4 l2-7 

12-4 

12-3 120 

11*7 

110 

11*4 




11-n 

11-0 

11-4 

lo-i 

7*2 

1*5 

0-2 (Cl 

34 

Ivhari 

. . 1 l-i) 

12-S 

13'2 

13-0 

13 3 

]3-,3 "]3--4 

■■13-1 

_^J2-9 

13-0 

13-0 

12-9 

13-2 

13- 1 

12-6 

12-4 

I2'S 13-1 

13-2 13-0 

"l^ 

T2"i3"T2*f- 







ll-O 

10-4 

9 *5 

8-2 

3-2 

O'") 

(c2 o-i 

31 

Kai'ctlia 

.. i2-(J 

12'0 

12'4 

12-2 

12-2 

12-() 12-4 

12 -r. 

12-8 

12-8 

12-4 

12-8 

12-5 

12-3 

12-3 

12- 1 

il-7 n-5 

11-2 11*4 

11-3 

11-3 11-5 

12-0 

12-1 

12-2 

12*2 12*1 12*1 11*9 

* 11-7 11 -3 

JI*2 jl*2 llli 11*4 11*3 IM 

lU-o 

10-3 

«•() 

S*4 

3-U 

0-7 

<:c2 (Cl 

40 

Av. of group 

.. 12-2 

J2-() 

12-9 

13-0 

13-2 

13-3 13-2 

13-2 

13-1 

12-9 

12-7 

12-6 

12-5 

12-4 

12-3 

12*3 

12-2 12*2 

12*3 12-3 

12*0 

11*9 11*8 

11*6 

11-5 

11*4 

11*2 



ii-0 

10*8 

10*1 

8*8 

5*2 

1*3 

0-3 (Cl 

35 


Sumiabilo group 


Bansii 

.. 12 '() 

12-1 

12-0 

12*1 

12*3 

12-3 

12'4 

12-4 


12*7 

12*4 

12*5 

12*3 

12*3 

12*3 

12*1 

11*9 

11*6 

11*8 

121 

12*3 

12*4 

1 ^' 2 - 

42:4 

12*3 

12*1 

11*9 

11*8 

11*7 

11*6 

11*2 

11*2 


11*8 

11*7 

11*4 

11*2 

11*0 

i0*8 10*6 

10*3 

9*9 

9*4 

7 * 

8 

3*2 

0*7 

0 

2 

0*1 

48 

Bansi 

.. 8-9 

S!) 

8-9 

8-8 

8*9 

S-9 

9*1 

9*1 

/!)*1 

9*3 

9 * t5 

9*6 

9*0 

9*7 

9*9 

9*9 

10*1 

10*5 

10*5 

; 0*4 

. 104 »*" 


Ycc 6 10*8 

10*8 

10*6 

10*6 

10*7 

10*8 

10*7 

10*7 

liC!) 

T<|*7 

10 *5 

10*3 

10*1 

9*9 

9*7 


0*5 

9*1 

8*3 

7 * 

9 

4 * 8 ' 

1 * 5 , 

0 * 

3 

0*1 

46 

Dhor ( Harrai ) 

. . 10*5 

1()*8 

11*0 

10*8 

IM 

11*1 

11*4 

11 *5 


11*3 

11*0 

11*1 

11*3 

11*2 

11*3 

11*1 

11*2 

11*4 

11*7 

11*7 

"n-s- 

4 . 1:7 

11*7 

11*6 

11*4 

11*3 

11*4 

11*4 

11*4 

11*6 

11*6 

11*8 

ii'i 

11*8 

11 *6 

11*3 

11*0 



10*7 

10*1 

9*5 

8*0 

3*0 

0*5 

0 


0*1 

45 

IHior ( Seoni ) 

.. ill 

IM 

11-0 

11*8 

12*2 

11*7 

11*7 

12*3 

12*4 

12*4 

12*0 

12*1 

12-1 

12*4 

12*1 

12*3 

12*5 

12*4 

12 6 

12 *() 

m*' 12-8 

12*8 

12*6 

12*8 

12*5 

12*3 

12*2 

12*2 

12*0 

12*4 

12*4 

12*<i 

! 2‘'tR 

: i2*4 

12*2 

12*0 



11*7 

11*2 

10*3 

1 

6 

3*2 

0*6 

0 

2 . 

0*1 

, *15 

Kaghzo ' 

12*2 

12' 1 

12*5 

12'4 

j.2:X 


M2*F 

Ifl” 

13*1 

131 

130 

13*1 

13*0 

13*0 

12*5 

12*5 

12*5 

12*5 

12 * 5 ’^ 

l2*6 

12*5 

12*3 

12*3 

12*3 

12*1 

12*1 

12*2 

12*1 

irs 

11*5 

11*2 

10 *!) 

10*8 

10‘ti 

10-Y 





10*4 

9*8 

8*6 

'.5 

9 

2*3 

0*6 

0 

3 

0*1 

43 

Kefcaii 

. . 10-8 

11-2 

lt * 4 “ 

'll'T 

IT ' t '" 

-im- 

dii±. 

„: io*5 

10-6 

10*7 

10*8 

10*8 

10*9 

11*2 

11*2 

11*2 

11*3 

11 *^" 

11*4 

11*5 

11*3 

11*1 

11*0 

10*7 

10*5 

10*5 

10*4 

10*4 

10*0 

9*8 

9*4 

8*8 

8*4 

8*7 

8*9 

J 




9*1 

99 

8*5 

6 

8 

3*5 

1*3 

0 

1 

0*1 

43 

Naaiia ] 

.. 12'1 

12'3 

13*0 

13*3 

13*3 

12*9 

13*2 

13*4 

. l - 3 - o ' 

' l3*0 

13*4 

13*3 

13*3 

13*1 

13*1 

12*8 

12*8 

12*9 

12*9 *' 12*8 

12*9 

12*7 

12*6 

12*6 

12*6 

12*5 

12*4 

12*2 

11*9 

11*6 

11*4 

1]*4 

11 * 8 : 12 a 

4 , 2 * 4 ' 

12*6 

12*4 

12*2 

12*0 

11*9 

11*3 

10*2 

6 

7 

1*9 

0*4 

0 

2 

0*1 

4.7 

Putli Khajoe 

. . 12-9 

13*0 

13*4 

13*0 

13*7 

14*1 

141 |/ 

•‘ 14*2 

13-9 

14*1 

13*8 

13*5 

13*3 

1 . 3*1 

13*1 

12*7 

13*4 

RhO 

- 14*1 

Y4-5 

14*4 

14'3 

14*1 

13*8 

13*9 

13*7 

13*6 

13*6 

13*3 

13*0 

42 * 6 . 









32*6 

12*1 

11*8 

10 

4 

4*2 

0*6 

0 

2 

0*1 

40 

Rale lira 

. . 10*4 

l()-8 

10*8 

11*0 

11*4 

11*3 

i !*4 

11*2 

11*3 

11*4 

11*3 

11*3 

11*3 

11*1 

11*1 

11*2 

11*0 

11*5 

11*2 

11*4 

11*5 

11*3 

11*5 

11*5 

11*4 

11*4 

11*2 

11 * 0 ^ 

, 10 = 9 - 

10*6 

10*4 

10*2 

] 0*2 

10*4 

10*5 





10*0 

9*9 

9*1 

6 

3 

0*9 

0*4 

0 

2 

0*1 

43 

■Sunnabilo 

. . 10*2 

10*3 

10*1 

10*4 

10*3 

10*3 

10*3 

10-7 

10*3 

10*0 

10*.5 

10*6 

10*7 

10*7 

10*0 

10*7 

10*8 

11*0 

11*0 

11*1 

11*1 

11*1 

11*0 

11*1 

11*0 

11*0 

11*0 

11*2 

11*1 

11*1 

11*0 

11*0 

11*1 

10*9 

11*1 

iri 

11*2 

11*2 

10*8 

10*6 

10*6 

10*4 

9 

•2'' 

. 5*2 

1*3 

0 

3 

0*1 

■ 47 

Av . ol group 

.. 11*1 

11*3 

11*5 

ll'O 

11*7 

11*6 

11*7 

11 -8 

11*8 

1 * 1*9 

11*8 

11*8 

11*8 

11*8 

11*7 

11*0 

11:8 

11*9 

12*0 

12*1 

12*1 

12*0 

12*0 

11*9 

11*9 

11*8 

11*7 

11*7 

11*3 

11*3 

11*3 

11*3 

11*1 

10 *!) 

10*7 

10*8 

10*9 



10*7 

10*3 

9*6 

7 

•7 

3-3 

0*8 

0 

2 

0*1 

' 45 


In eonsiflering the maxima it is evident that tiicre is distinct periodicity in the growth here. 



( 216 ) 

Am'OQa lengths of successive iamimis, lOlii. 


Sarofclia group ' (Mcaiiiiroirioutis iu iwi ami inches) 


Uaraiildxa 

. , U' 10’ 

3' 2" 

3' 4’ 3' 

8" 

3' 

10’ 

4' 0’ 4' 0" 

4' 

1’ 

4' 

3’ 

4' 


4' 

o’ 

4' 6* 4^ 

7’ 

4' y" 

4' 0’ 

4' 0 ’ 

4 ' 4’ 

4' 3" 

4' 

0 " 4 ' 0 ’ 

4' 

5’ 

4' 0 ’ 4' 

5" 4' 4" 

4' 

2" 

4' 

1" 

3' ir 




Gauda Ohoui 

. . 3' 1" 

3' 8" 

4' 1" 4' 

4" 

4' 

9" 

4' 11" o' 1’ 

5' 

2" 

o' 

2’ 

5' 

2" 

3' 

2’ 

3' 27 V 

1’ 

0 ' 2’ 

5' 3’ 

0 ' 4’ 

3' 5’ 

o' 0’ 

5' 

y" o' 6" 

5' 

0’ 

0 / / 0 

0" 5' 0 " 

'5' 

0 " 







Cliiu 

. . 3' 0" 

2' 6" 

2' 10’ 3' 

1’ 

3' 

5" 

3' 8’ 3' 0" 

3' 

iO’ 

4' 

0’ 

4' 

0’ 

4' 

1’ 

4' it^ 4/ 

1’ 

4' 1’ 

4' 0" 

4' 1’ 

4' 1" 

4' 1’ 

4' 

0 " 4' 0’ 

4' 

0" 

4' 1" 4' 

1" 4' 1" 

4' 

1" 

4' 

1" 

4' 0" 

4' 0" 

4' 

y" i' 0' 4' r 

llullu Ivabbu 

. . :v 10 " 

3' 4" 

3' S" 3' 

li" 

4' 

; 2. 

4' 0" 4' 8" 

4' 

S’ 

4' 
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Average kagtliis of succesnve laminas. Varieties oj the titmnahile Oraup, 1U17. 
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(In some cases too many laininas wore missing for reliable figures to bo obtained.) 

3' 6'’ 3' 7" 3' r 3' 6" 3' r 3' o’ 3' 5’ 3' 4" S' 4" S' 4" 

4' 5" 4'\ 4' 3’ 4' 5" 4' 4’ 4' 3’ 4' 2" 4' I" 4' 2" 4' 2" 

4' 3" 4' 2" 4' 1" 4^ V 4' 0’ 3' H’ S' LI" S' LI" 4' 1" 4' 1" 4' i' 

3^ 8’ 3^ 7’ 3^ 7 " 3* S’ 3^ 3^ 7’ 3"” / ' 3 b 3 b 3 b 3 5 3 5 3 5 

3 ' ir 3 'nr 3' ir 3 ' r 3 ' lo’ 3 'ii’ 4' 0" s' li" 4' o" 4' o" 4' o" 4' i" 

S' 11" S' ir S' ir S' ii’ 3' 10 ’ 3' 11 ’ 3' .jUi-' 3^ \i‘‘ ' T'TV'~'^4'''''o'' 

S' "7*-. -.31 3' r S' r 3' 5" 3' (?" 3' 7’ 3' >' 3' -4:' , 3' 5" 3' 4" S' 4" 3' 5" 

3' 10’ 3' 10’ 3' 10’ 3' 0’ 4' 0’ 3' 11’ 3' 11’ 3' 10’ 3' 10’ S' 9’' 

4' r 4' I’ .4' ^’ 4' S" 4' 1" 3' 11’ 4' 0’ 4' 2" 4' 0’ 4' 1’ 4' I" 4' I" 4' 0’ 
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3' 9’ 3' 10" 3' 10’ 3' 9’ 3' 10’ 3' S’ 
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3- r 2M1’ 2' 9’ 2' S’ 2' 0" 2' 1" V 7’ 1’ 0" 29 

4' 3’ 4' 4’ 4'' 3^ 4' 2’ 3' 11’ 3' 2" 2' 3’ 1' 0’ 28 

4' 2" 4' 2" 4' 4" 4' 5" 4' 0" 3' I" 2' 2" 1' 5" 31 

3' 5’ 3' 4’ 3' 4’ 3' , 4" 3' 2’ 2' 11’ 2' 5’ 1' 10’ 1' 3’ 32 

4' 2’ 4' .4’ "4' 7’ 4' 0’ 3' 11’ 3' I’ 2' 4" 1' 7" 3C 


3' 10’ 3' 8’ 3' 0’ 3' 2’ 2' 11’ 2' 0" 2' 1" 1' S" 3C 

3' 4" 3' 3’ 3' 0’ 3' 1’ 3' 0’ 2' 8’ 2' 3" 1' 10’ 1' 3’ 32 

9" 3' 8’ 3' 7’ 3' 5" 3' 3" 3' 0" 2' 10’ 2' 6’ I'll’ I' 0’ 34 

4' 0’ 4' 0’ 3'' ir’'-'3'--U’^^ S’ 3' 7" 3' 5" 3' 0’ 2' 7’ 2' 2" I' 10’ 34 

3' 5’ 3' {)’ 3' A" 3' S" 3' 7" 3' 7’ 3' 4" 2' 9’ 2' S" V 10" 33 

^^,"'3' 0’ 3' 4" 3' 5’ 3' 5’ 3' I" 2' 9’ 2' 2’ 1' 5" 24 

4' 3’ 4' O’ 3' 11’ 3' 10’ 3' 7’ 2' 11’ 2' 4’ 1' 7' 28 

3' 9’ 3' S’ 3' 8’ 3' 6’ 3' S" 2' 8’ 2' 1’ 1' 0’ 80 




FH YTOPHTHORA ME AMI ;i. «p. ON EEVEA 
BRASILIENBIS. 

BY 

W. McRAB, M.A., B.Sc., F.L.S., 
GoiwmwntMi/cohfFst, Madras. 

(Received for pnhliciition on 2nd April, 1018.) 

Introduction. 

HisvI'JA BRAHiLiiSN.sis in India is gi’own (diiofly in tJic sonth-wesinrn region 
of tho peninsula along the outei* fringe olOJu^ \\hist.e.rn (Ihats fivwri the souilnirn 
part of 'I’ravancore through Cochin State tr) the northern part of tfio district 
of Malabar, as well as in a few more inland localities in the Ananialai, Nilgiri, 
and Slievaroy Hills, in Coorg and in North Mysore where it is grown at higher 
elevation in a climate not usually considered favoiuublo. The estates occupy 
the flat land in the upper parts of the valleys and tlio lower slopes of the Foot- 
hills, and individual estates or groups of estates are separated from one anoiiior 
by vast stretches of forest and Jungle. During recent years Eema has been 
planted rapidly, and now there are about 60,000 acres of which about half is 
in full tapping. Leaving out of account two small groups of trees planted 
experimentally by the Forest Department about 1879 and 1886, the first Hevea 
was planted under estate conditions in 1903, and broadly speaking there were 
two main periods of activity in planting Heuea in South India, 1906 to 1908 
and 1910 to 1912, so that there are considerable blocks of all ages up to 13 years 
from planting. The following table for wMcli I am indebted to Mr. AnsteacI, 
Deputy Director of Agriculture, Planting Districts,^ shows the distribution 
(in aertis) in the various districts. 

^ AuHtead, li. B. “Tho Phinting BBtriefcs of Suiith India?” jbjric. Juurn., Indict, Xll, 
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To iJiis Jia« to ho added a small number, not above 20() aoi-es, lo 
allow for a slio'ht amount of rounding off of fields, and also about 2,000 acres 
lor smaJI patches (0! Heoca licre and tlrere that do not conn^ into the, figures 
repi'('.S(',ntiug ('.stai,(‘,s, besides which about 1.0,000 acres are ovvinal by Indians. 
Thus Mu', total ai’ou of Hevea in South India is very lu^arlv OO.OOO amcis. 

R(t.u)f(fJl. Tlie annual rainfall is always high, being about 120 io MO iiithes 
on inost estates while reaching as much as 240 inches on some, and about 
two-thirds of this comes in the four months from June to Moptember. The 
South-West iMonsoon bursts early in June after which it rains more or less 
coutiiuioiisly for th.e next three months, sometimes uninterruptedly for 20 or 
30 days at a time, while the amount of rain in the fourth month may or may 
not bo great. “ It may rain any day and it sometimes rains every day.” 
During (,)ctobor and .November a fair amount of rain falls under the influence 
of Mui r<',turnitig North-East Monsoon, the precipitation occiir.ri.r,ig as heavy 
showel^s th.at continue at most a few days at a time. From December to 
March. v(uy little rain fells and the weather is dry and hot. .During April 
and May tlieie are occasioiml showers which are, connected with cyclonic 
distAn’hances. (.)n th.e wliole the climate is warm and moist with the exVce]:)tion 
of a spell of hot; weather when the liiimidity is comparatively low. The monthly 
I’ainfall for cstate,s in the north, middle, and south of the main rubber-growing 
area is given lielow, as well as the daily rainlall foi‘ estate .B during the South- 
West; Monsoon (.lime to Septembei.') to show t;ho character of the rainfall during 
that period ; tlie temperature record for one estate is also shown. 


( 1 ) Monthly ramfoM on three estates 
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( 2 ) Dailf/ rainfall on estate B for the monsoon months. 
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1916 


Date 

June 

July 

August 

September 

June 

July 

August 

September 

1 

0 00 

0-82 

1 '55 

0*00 

5*75 

O'OO 

3 ' 4 l 

1-40 

2 

0-12 

O'OO 

1*41 

0*00 

2'85 

O'OO 

i ' 3 t 

3-71 

S 

0-35 

0*00 

0*20 

1*04 

10*35 

1*42 

1-63 

0*57 

# 

0-60 

0'62 

1-38 

0*55 

10 35 

0*13 

0*40 

1*65 

5 

O’SO 

1*62 

1*82 

O'OO 

3-05 

0*59 

0**28 

0-04 

6 

0-30 

0-20 

1*73 

O'OO 

3 ' t ® 

2*41 

0*52 

1*74 


0*15 

0*50 

O'OO 

0 * 3 S 

3 98 

0-75 

3*53 

0-09 

8 

6*00 

0*92 

O'OO 

1*60 

0*25 

0 * 7*2 

O'OO 

0 12 


0*12 

0*05 

O'OO 

1*75 

304 

1*38 

015 

0*96 


0-00 

1*05 

0*45 

0*65 

3*34 

0*00 

0*23 

3*75 

11 

O'OO 

0*09 

O'OO 

0*55 

4-78 

0-16 

0*24 

3 i 6 

12 

0*00 

0*00 

0*00 

1*00 

0*90 

1*60 

1*48 

0*50 

13 

0*17 

0*00 

0*00 

0*00 

0*00 

0 * 7*2 

, 0 62 

0*12 

14 

2*07 

3*20 

O'OO 

0*00 

1*12 

0*00 

0*96 

0*42 

16 

4*16 

2*14 

0*00 

0*00 

1-90 

O'OO 

0'94 


16 

0*28 

2*08 

0 00 1 

1 ' 3'2 

0*83 

0-81 

1*52 

0*37 

17 

1*11 

0*00 

0*00 i 

1*92 

2 70 

0 * 5(1 

0*84 

0-15 

IS 

0*()5 

0*12 

0*24 

‘ 2 * 3(1 

1*00 

6-05 

0*10 

3-47 

19 

2*15 

9 '57 

0*00 i 

O'HO 

1*38 

0*37 

0 40 

0*67 

20 

1*17 

3*54 

0*48 : 

0*20 

l -()0 

0*67 

112 

O'OO 

21 

0*72 

2*70 

• 2 '65 

0*80 

0*09 

5-73 

0*42 

O'OO 

2 i ! 

1 * B 2 

4 '62 

0*58 

()* 5'2 

0*31 

u *56 

0*06 

0*70 

23 

24 

9*17 

0-72 

0*73 

0*85 

1*74 

2'OS 

0*44 

0 * H > 

0*67 

2*19 

0-94 

2*18 

1*25 

0*18 

1*54 

I'OO 

•»5 

1*86 

0'33 

1*00 

1'95 

0-09 

1*79 

0 61 

O'OO 

26 

27 

4*80 

2*58 

2*00 

2*00 

0'13 

0*58 

{)•( (! 

0-15 

4*33 

1*20 

0-70 

1*53 

0'40 

1*39 

1*37 

O'OO 

28 

4*60 

0*83 

0*39 

0-84 

O'lS 

4*23 

1*70 

0 00 

29 

1*25 

2*20 

0*62 

2*85 

0*00 

0*41 

1 * 5*2 

1*05 

30 

2*00 

1 * 9 'J 

0*73 

1*00 

O'OO 

1*00 

0-18 

O'OO 

31 

0-00 

0*80 

1 ' 2*2 

0*00 

O'OO 

1*09 

0*26 

0*00 


iFiT” 

iToY " 

22*20 

30-07 

67*50 

35*63 

• J 8'27 

20*08 


la 1915 tho akonsoon hurst on tho Mtli. ol Jiiae, and ia 191(5 on the 1st 
of Juac. Th<* i’oi'aaa' is tlii; aiore usual Hauj. 







225 


W. MdltAE 

These figures give an idea of the extent of cultivation, of the conditions 
in which Hevm grows, of the range of age of the trees, and, seeing that the 
disease is present in most of the area, of the amount of each age affected. 

Marly notice of the disease. During the increased activity of planting in 
1909-1910 there was a large demand for seed, and this was partly met from the 
existing seed on the older estates. In this way the attention of planters was 
directed to the fact that fruits were becoming attacked by a disease by which 
they rotted on the trees. Then, too, it was noticed on these estates that there 
was a considerable shedding of leaves during the monsoon in addition to the 
normal leaf-fall in the dry weather, but when the demand for seed subsided, 
less attention was paid to these phenomena. About 1913, however, when 
efforts were being made to utilize the seeds of JTenm for purposes other than 
planting, attention was again directed to tlxe fmit-rot. Still it was not thought 
of much consequence, as the demand for seed for planting had become small, 
compared to the available supply, and the utilization of seed for other puiqioses 
had not yet become a commercial proposition, or at least it had not been 
undertaken to any extent. About the same time it was noticed on the oldest 
estates that the leaves fell in increasing numbers during the lieavy weather 
of the monsoon, and this was thought to be a result of the exceedingly moist 
monsoon conditions and to be a partial explanation of the somewhat dis- 
appointing latex yields which were lower than had been anticipated. This 
led later on to an investigation, an account of which is published in this 
paper. 

Hevea sheds its leaves periodically in December- January, and all or nearly 
all the leaves fall tlien. Up to about the fourth or fifth year from planting, 
however, young Hewa trees do iKxt show this phenomenon to any marked extent, 
and during these two months young plantations are evergreen. Sometimes 
the leaves are shed before the new flush appears and the trees are comparatively 
or quite bare, but some trees retain a considerable part of their foliage till the 
new flush of leaves is well expanded. Thus the “ picture of repose ” on an 
estate during the season of leaf-fail is by no means uniform. The leaves 
assume various tints of yellow, brown, and red, and the whole phenomenon is 
comparable to the wintering of deciduous trees in temperate regions. A 
description of the second leaf-fall that occurs in the monsoon (June to August) 
is to be found on page 227. 

During 1915 a considerable amount of information was gained about the 
disease, and it seemed that the friiit-rot, the abnormal leaf-fall during the 
monsoon, and a rot of tlxe tajxped surface that occurred in the latter half of the 
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The''Mi7'''’ ''“"1 eiulocarp within anil remains aMnihed tn it 

duty yellow oolonr, or have the brown n,arkin«« „nlv faintlv 'rnd 

may not ecoupy (ho whole of the loculns. while th,'. .nidosperiii wilhin is ,'i,tU'n 
eta™, C it ti of the testa, T 

t c V „ tdl the ir.nt,„e s«s„n „f the „exty«>r. A few days rrltcr Ihe d",]l rrshv- 

or no mk kr TlivTlt tiXf' ‘'“i 

incruatathm which is white ^vhc. w tr^ T'T 

lopm,m with a most copious orrnat ' ““ “ 

frnita on a tree or orrlHI ^ ‘ r""'*’'”*' 

fruit on a tree may be rntlcn '“‘ib' miectcil ansas every 

acres) an exceedirndy small rr o' ’i ' ^ «f 

properly are rest b^ing all at! Jlrt; t™lr trt “ t "1 "T" 

P« a lighter rainfall .e frui. ..ve lot tetrt; ttll; 



(2) Towards the end of June when the monsoon has set in steadily and 
soon alter the fruit-rot has appeared, infected, trees begin to shed their leaves, 
a few at first, then in gradually increasing numbers, and this goes on for about 
a month or even six weeks. It is usually most noticeable from the middle of 
July to the middle of August, after which time the trees cease to shed their 
leaves to any appreciable extent. Some trees lose all their leaves and stand 
(^uite bare with the rotting fruits or the fruit-stalks showing conspicuously ; 
but most lose only a portion of their leaves. Many, however, do not shed 
their leaves to any appreciable extent, and these are invariably trees that have 
few or no fruits. By August the foliage on the trees looks decidedly thin, 
and the ground is covered with a thick coating of fallen leaves. Usually the 
leaf falls as a whole, but one or more leaflets may come off separately, and the 
leaf-stalk may remain for a few days attached to the shoot. On the green 
leaf-surface there are often dull grey spots which are somewhat circular in 
outline, or several run together forming an irregular patch varying in size up 
to 3 or 4 centimetres. Minute drops of coagulated latex are often present 
towards tlxe interior of the spot, and near the edge a faint glistening appearance 
may be seen. The stalk of the leaf or of a leaflet frequently has a discoloured 
brownish spot wliichinwell marked cases is shrunk slightly below the general 
level of the surface, and has droplets of coagulated latex. Leaves sometimes 
assume shades of yellow and red before they fall, as they do in the normal season 
of leaf-fall in December-January. Quite a considerable number, however, may 
be quite green when they fall, with no discoloration on the leaf-surface or oil 
the stalk. After this second leaf-fall a certain amount of new flush is produced, 
but when trees are badly attacked, they may stand bare till the natural periodic 
renewal of leaves in Januaiy. 

(3) After the leaves have fallen off, the cui-rent year’s branches die back. 
This may extend along a small branch to the jimction with its parent branch, 
or through a series of branches up to the one springing from the parent stem. 
The rate of dying-back depends on the nature of the shoot. Long shoots that 
have grown quickly die back more rapidly than shorter shoots that have giwn 
but a few inches in the same period. Oases have been met with in which a 
shoot has died back two feet in three months and others in which the die-back 
lias continued during two seasons. 

(4) From the living proximal regions of such branches fresh shoots are 
produced about the middle of February, and begin to wilt about the middle of 
March. Tiny droplets of latex may appear on the leaves and leaf-stalks. The 
leaflets shrivel, dry up, and fall off, leaving the leaf-stalk attached to the twig 
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inoiisoon \v<ir(': in soiuo Avay. related : a apoeiea of PhjjlopJii.hortt wit? found ou 
tlic infected partw, and siilbseqiieiitly was shown to Ini tln^ (:n,usai.i\'Ci 
The. abnormal see.oiid leaf-falb fmit-rot, and bark-rot were found l.o lx* ,i;;<nuu-al 
in the old(*.r estates which happened to be in the southern part' of the ai'ca, in 
which Hitmi is grown, and they had gradually appeared in esiatt'S in Uie more 
noithcrn pari of the area as the trees began to ])roduce tluhr fruits. 

Field characters. 

There are live well defined symptoms caused by the presence of 
PhyiopMhom in Heuea hrmiliensis : wilting of the leaves, fruit-rot, leaf-fall, 
bark-iot, and partial die-back of the branches. From about the middle 
to the end of June, or, in other Avords, about a fortnight to three Aveeks 
after the monsoon hursts, the fniits on infected trees b<jgin to shoAv did) ashy- 
gi-ey portions on tlieir surfaces. The discoloured part is slighlly wrinkhid and 
sunk a little below the surface level of the Iiealthy part of i,he fruit;. K; fiv.. 
qiieiitly apjteai'S atthe])roxdma] or stalk-end of the Fruit, and gradually o.\t<iiids 
downwards and laterally till the Avhole fruit is covered. WouKvfinics, howtwuvr, 
it appears first on the side of the fruit, or at its distal end. Siweral discoloured 
spots may appear and run together. Drops of latex ooze out ]nu(^ and tlune 
ou the discoloured surface and gradually turn black. Tbo oubn* covtuhig of 
the fruit beconn^s daik and sodden and infected by a softm-ot. It splits along 
the sutures, exposing the hard endocarp Avithin and rcinaius attnclied to it. 
The endocarp most frequently does not split, fi’he s<ieds often have a pale 
dirty yellow colour, or have the biwii markings only faiutl}' developed, and 
may not occupy the AAdiole of the loculus, Avhile th.c cndosp(*.rni within is redten 
and contracts to a thin parchment lying along the inner v\-al] of the testa. Tlie 
decayed fruit hangs on the tree for a considerable time, tluiu falls o If halving 
the stalk attached to the branch, but it or the stalk, alone may hang ou tlu‘. 
tree even till the fruiting season of the next year. A few days afbn- i he dull usliy ■ 
grey colour appears, especially during a break in the monsoon wlum tliere is little 
or no rain for a day or two, the infected surface becomes csovered with a thin 
incrustation which is white AAthen dry. This consists of mycelium of a Pfit/- 
tophlhom mill a moat copious fomiation of sporangia. The unmber uf rotten 
fruits on a tree or ou an estate varies greatly. In badly infected an^as eve.ry 
fruit on a tree may be rotten, and over considerable areas (hundreds of 
acres) an exceedingly small percentage of fruits comes to maturity and rijams 
propejfy, the rest being all attacked by the fruit-rot. On the other hand in 
places with a lighter rainfall the fniits have not been nearly so badly 
attacked. 
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(2) Towards tbe end of June when the monsoon has set in steadily and 
soon after tii,e fruit-rot lias appeared, infected trees begin to shed tiieir leaves, 
a few at, first, then iji gradually increasing numbers, and this goes on for about 
a month or even six weeks. It is usually most noticeable from the middle of 
July to the middle of August, after which tune the trees cease to shed their 
leaves to any appreciable extent. Some trees lose all their leaves and stand 
ipiite bare with the rotting fruits or the fruit-stalks showing conspicuously ; 
but most lose only a portion of their leaves. Many, however, do not shed 
their leaves to any appreciable extent, and these are invariably trees that have 
few or no fruits. By August the foliage on the trees looks decidedly thin, 
and the ground is covered with a thick coating of fallen leaves. Usually the 
leaf falls as a whole, but one or more leaflets may come off separately, and the 
leaf-stalk may remain for a few days attached to the shoot. On the green 
leaf-surface tlioro are often dull grey spots which are somewhat circular in 
uiitline, or several nm together forming an irregular patch varying in size up 
1,0 J or centimetres. Minute drops of coagulated latex are often present 
towards the interior of the spot, and near the edge a faint glistening appearance 
may be seen. The stalk of the leaf or of a leaflet frequently has a discoloured 
brownish spot which in well marked cases is shrunk slightly below the general 
level of the surface, and has droplets of coagulated latex. 'Leaves sometimes 
assume shades of yellow and red })efore they fall, as they do in the normal season 
of leaf-fall in December-Januaiy. Quite a considerable number, however, may 
be quite green when they fall, with no discoloration on the leaf-surface or on 
tlie stalk. After this second leaf-fall a certain amount of new flush i's produced, 
but when trees are badly attacked, they may stand bare till the natural periodic 
renewal of leaves in January. 

(3) After the leaves have fallen off, the current year’s branches die back. 
This may extend along a small branch to the junction with its parent branch, 
or through a series of branches up to the one springing from the parent stem. 
The rate of dying-back depends on the nature of the shoot. Long shoots that 
have grown quickly die back more rajridly than shorter shoots that have grown 
but a few inches in the same period. Oases have been met with in which a 
shoot has died bade two feet in three months and others in which the die-back 
has continued during two seasons. 

(4) From the living proximal regions of such branches fresh shoots are 
produced about the middle of February, and begin to wilt about the middle of 
March. Tiny droplets of latex may appear on the leaves and leaf-stalks. The 
leaflets shrivel, dry up, and fall off, leaving the leaf-stalk attached to the twig 
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for Bome time, or the leaf may come off as a whole. Tlio loweat two or ihro() 
centimetres of a shoot become discoloured, and it riltiniaicdy ilics back to its 
parent branch. 

(5) Diii’ing; the heaviest part of the monsoon when trunks of trees are. 
cojitimially wet, a slight rot appears on or near the tapping cut. JJark s[)(»i,s 
ap})car here and there, and extend upwards for an inch or two in dark streaks 
on the recently tapped surface, the underlying tissue being soft and sodden, 
and exudations of latex appear on the surface and in cracks in the tissue, 
sometimes forming pads of coagulated latex between the bark and the wood. If 
the rain is long continued, the bark splits vertically along the streaks exposing 
the wood, and, if tapping is persisted in, the bark also splits laterally, and the 
wood becomes exposed throughout the length of th(^ ta])piiig cut. The rotting 
of the tapped bark gradually extends upwards, tiioro <(uick'lv slong the <'rM,cks 
and more slowly in the intervening places, till it is stopped by tlu; advent, ol 
dry weather. The disease extends downwards more slowly into the uiilap[)<!d 
bark. Areas of wood 17 inches in length and from 1 to .‘5 or •! inches in lieight. 
may be exposed, the lower edge boiinded by tlie line of the tapjmig cut, the 
upper edge ragged and irregular. If, however, there are s])(dl.s of <li'ier weather, 
or if the attack comes late in the season, the bark-rot peiietrate.s only a, sliort- 
distance into the cortex, and may not expose the wood or may e.vpose it only 
very slightly, so that it is healed over tjuickly after the monsoon rains have 
ceased. 

Second leaf-fall usually occurs first on Hcmi t.r«H‘s wlien tliey come into 
the fruiting stage, which., in South. India, is usually about the 5th year. Then 
however, it is the fruit-rot that is most in evidence, while in succeeding yeai’K 
the second leaf-fall becomes more uoticeabh}, \'()unger Uemi d{;os not. lia\m 
tliis second leaf-fall, though it has been seen occasionally on individual trees uud 
groups of trees before they roach the fruiting stage. In one inst uiu'e it occurred 
on a few trees that had been planted only two years; they were in uvejy stnail 
field surrounded by much older trees that had both fniit-rot and second h^af- 
fall rather severely, and in another ease it was obs(n-ved. on supplies about. 
10 feet high 9 months from planting among 10-year old tiecs wiiicb, were also 
badly affected by fruit-rot and second leaf-fall. 

Bark-rot generally appears well on in the monsoon, and may occur in the 
first season in which the fruit-rot appears or in a subseipient season, but it 
has not been found on trees that have not had fruit-rot. To t ake, a })ai't,iciilar 
example, fruit-rot and second leaf-fall were noticed first i)i .19M, during tiie 
latter part of the monsoon in a small valley at one end of an (jstale. Next 



tnoRBooii tlie ('.recs in this valley were badly infected, and both, fniit-rot and 
fciecoiid I<.^al;-fa,ll were found on trees throughout the estate of about 1,000 acres, 
t, hough th(3 attack w'as irregularly distributed and, on the whole, light. 
Towards tlio end of tire monsoon bark-rot apj)eared for the first time. This 
is fairly typical of what occurs in the younger estates, that are being more 
<iareful!y observed in tJie light of better present knowledge. Some estates 
seem to b(^ particularly subject to bark-rot especially in part of the district 
wliere the rainfall is high, and during the monsoon precipitation is almost 
continuous for weeks at a time. Here blocks of one hundred acres could be 
selected iii which about 50 per cent, of the trees are or have been affected by 
bai'k-rot. Taking the rubber-growing districts as a whole, however, bark-rot 
(.‘annot be said to be, a serious disease, though it must be classed as a 
dangerous one, 

Thii disease caused by this species of Phytojihthora extends from the 
soutiieni limit of the area in which Hema iB grown to some distance north of 
(Jalieiit. Within tills area every district is alfected to a greater or less extent, 
h’urlinu' u(n'tl), tiie estates are not extensive, the rainfall is much lower, and, 
tliuiigii, i,he fungus has been found there, as fai- as I know the plienomeiia 
descrilied above occiu’ only to a limited, extent. 

Microscopic characters in the tissues of the plant. 

, Sections of the dull greyish spots on the leaf show hyphre in the mesophyll 
passing into and, through the coils as well as lying close alongside them in 
t!i.(‘. intercellular space, s. They also occur in the epidermal cells of both 
surfaces. Tiiey pa.ss outwards through these cells, through the stomata, and 
til, rough rupture.s in the epidermis, and form on the surface a thin felt of 
mycelium bearing sporangia. When tlie spot has become just visible on the 
leaf-surface, the protoplasm of the penetrated cells is still colourless. The 
tissue as a wJude, however, contracts slightly in diameter as the section 
through the edge of the spot shows. The chlorophyll-granules lose colour, 
and ultimately the cell- walls become yellow, and the cell-contents also 
fiecomc yellow or even brown, and collapse so that the cells come apart 
easily. Minute lesions appear into which latex exudes, and it escapes to 
the surface in minute drops. Hyphse do sometimes penetrate the 
t,ubes, but this lias been observed seldom. Whether the latex escapes 
from the laticiforoiis tubes at the points where they are penetrated by the 
hyjiliie, or whether (lie walls of the tubes are disintegrated by the agency 
tin; fungus or otherwise, has not yet been determined. Young leaves 
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from the bud become fkccid, and all of them may bo intcKdod right down fcct 
the growing point, their entire lamium and. the onibryonio iiHHiu* of ih<i .sttnn 
being penetrated by the hyphte. 

In the majority of leavea that fall during the moMHooji, I Ik*. duli dincolonred 
,s{)ot on the petiole is more or less clearly visible, anti it may occur on any pari, 
of the petiole. It is usually from 1 to 4 eentinudres long, ami may he on one 
side of or right round the petiole. Similar spots may bc! j)i‘escnt on f]u5 petit>- 
lules of the leaflets. Sections reveal the presence of the iiyjflia^ in the tissues, 
aud they occur in a way very like those in the young stem. Hy])lue are not 
usually present on the surface of the spot when the leaf fails, but, when a 
petiole is kept for one or two days in a moist cluimber, they come to the surface 
readily. Before the leaves fall, an absciss ky<M- is forme.d at their point of 
junction with the shoot. 

Amoiig my notes is a record of having found Phifti^phihimi on llie inllort^.s- 
ceiice in a previous year, but the material has been mislaid. During the Iasi 
two flowering seasons, a search was made for iton s<‘.V(*.ral estate.s. but. with, 
negative remits, even though fruit-rot and leaf-bill wei'(^ luoiyv <luring laith 
the monsoons, particularly so in 1917. .By inocuktion t.lu; flowers and their 
stalks become infected readily by PIvi/UrphtJMru, hnt U) decide wlnddier tliis 
occurs in nature needs further observation. 

Beneath the dull ashy-grey spot on the fruit, hyj)ha' urn found j)assing 
along the intercelliilar spaces and sometimes into and through the C(.dla m.s w«*IL 
The chlorophyll-graijis become yellow, tli.en also tln< ju'otoplasm and cell ■ 
walls. The cells lose their turgidity and come apai't, and the intercedluhir 
spaces become filled with water. This is the beginning of the sofi-rot. In 
fruits that have small spots, and iii inoculated fruits, afbu' two days this can he 
quite clearly seen, but soon bacteria and hyphie of other fungi. espe<‘ially 
Fusarium, Coprin-us, Nectria, and Botryidiplodm, appear in the, tissm^s. 'riie 
soft-rot is begun by the Phylopkthora, and is helpc<l on by the bacteria and 
other fungi. All of these fungi are found commonly on the ])cricarp of healthy 
fruits botli before and after the endocarp has split and liberated the seeds, 
aud especially after the empty fruits have fallen to the groinuL Becds from 
such fmits invariably germinate and grow into healthy seedlings. These 
fungi do not enter into the present problem, and work on them was stopped 
after the Phyiophtlmm was discovered. The mesocai-p splits along 6 lines of 
suture, aud contracts at the edges away from the endocarp to a much greattu' 
extent than in healthy fruits. The hyplise pass into tlw axis of the fruit eilhc.r 
downwards from the insertion of the fmit-stalk or inwards through the 3 slits 
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between tb.e three carpels, and thence through the hiium into the seed. The 
" endosperm and embryo are rapidly permeated. Soft and watery by nature, 

the endosperm forms an excellent pabulum on which the fungus increases 
‘ rapidly. It gradually shrinks till it becomes a thin remnant adhering to part 

J of the inner wall of the testa. The remaining space is sometimes partially 

S occupied by a copious growth of hyphae as is also not infrequently the loculus 

, between the endocarp and the testa. Hyphse are found in the hard endocarp 

; w^here they pass from cell to cell chiefly through the pits on the cell-wall 

f Their diameter being usually greater than that of the pits, they contract as 

i they pass through. The endocarp, however, remains hard, and only a thin 

layer of the outside surface disintegrates and vsoftens, and here sometimes 
oogonia are produced. In a similar w^ay the hyphse penetrate the tissue of the 
testa, but it, too, remains hard and brittle. From the axis of the fruit, hyphso 
pass through the tissues of the fruit-stalk in the same way as they do through 
a branch. 

' HyphaJ of PhytopMkora occur in ail the tissues of the branch, and are found 
both in the cells and between them. They are specially abundant in the 
medullary rays, and sometimes give them the appearance of white streaks in 
the vrood. In the cortex they pass through the cell-wall at any point, but 
in tissues that have thick-walled cel's, they, as a rule, pass through the cell-wall 
at a pit becoming narrower in diameter as they pass through. They have not, 
however, been foimd in the thick-w'alled stone cells of the cortex. Usually they 
are from 3 to 6p. in diameter, but in the pith they are sometimes up to 10p.with 
branches of considerably smaller diameter arising from them. On the dis- 
coloured areas of bark on the recently tapped surface of the stem, the cell- 
walls become yellow and the cell-contents brown. The cells collapse and 
become irregular in outline, thus leading to the contraction and rupture of the 
tissue as a whole. Hyphae oi Pliytoflithom are found between and in the 

cells of the inner part of the living bark. They are, however, fewer and ,Viyj | 

more difficult to find in this position than in any other part of the tree. The 
fungus gets, into the branch in three ways, through the fruit-stalk, through the 
leaf-bud, and through the green twigs. Hyphae pass directly from the 
tissues of the stalk of an infected fnpt into the connected tissues of the 
branch from whicli it sprang. Six weeks after the fruit-rot had been first 
observed on a tree, the stalk of an infected fruit had become discoloured 
to within half a centimetre of its insertion on the brancli. Hypha) were 
found througliout the stalk in cortex, vascular tissue, and pith. They had 
])euotr'atod into the cortex, wood, and pith of tho parent biwich, and in a 
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lacuna of the cortex, the mjcolium was riclUy {lovclo|)<*(l. I[\-|)hu‘ wt-re not 
found in the branch beyond I centinictro from tb.c point of insorl ion of 
the Iriiit-stalk. When a. leaf-lmd is infected,- tlie liypiia' puss in\\u,ids I'dmh 
the young iiifected leaves, kill the growing ]»oint, ;u)d «'ontiiiue downwards 
into the young branch. They pass nioiv, (pilckly along (in' bianeh in I his 
case than they do iimi a fruit-stalk, possibly beeaii.aM [)f I issues fa'liim! I in-, 
growing point of a leaf-branch are more succulent am! l<‘ss dilbwenliidc.d 
than, and the cell-contents have a different roactif)ii IVoni, those fi'oin wliioh 
the fruit-stalks arise. Green branches may become dii’iu-tly infec((;d. b\' 
hyphse that penetrate their epidermis. Oceasimiaily a voung gnam branrh 
has been found with a single isolated discoloured ])atch on an in1(‘nio<h\ and 
sections have shown the presence of the PkifUtiiJif/inm. 

During the dry weather the fungus is not active anywhere mi the outside, 
of the tree. Experimental work with it 011 tlie tree in llni field, <inring (hat 
period was brought to a stand-still ; it was found imi»os.sibfe In ordintiry means 
to infect leaves or branches, and only when tlnn’ wtuv pfaecd inider fieil furs 
in moist chambers was it possible t(» continue. Tlie onlv I wo pluees whme 
the living fungus has Imm fouml at this season are as niyceliimi inmr fh,c 
junction of dead and living tissues in a hraneb, that had partitdh .littd lumk, 
and at the insertion of the stalk of a fruit tlial. htid bemi inhadmf during 1 he 
previous monsoon, audit no doubt also V^xists as onsfun-cs in flu? dried u]» IVuifs. 
.From these places it can lic.gin its activity in the nmv sctison wlum the early 
rains come, and conditions are siifficiently inoist to enable it to develop. 
The geirmination of oospores has not yet been observed ; tlie}- !ui\ e bctm found 
in nature on the fruits alone, and tliat but seldom and in small numbers, d'lic. 
development of the fungus from a small crack af. Ibe point of iirsertion rd’ an 
old fruit-stalk was observed in .April, Non-s(?pfa(e, fiyph:e front I }(» in 
diameter were present in the friut-stalk and in the bra’nch f.elow Mm point of 
insertion as far as the pith. They had growm into a small d.^n-cssif),! on the 
exterior, and formed sporangia measuring 32-J - r)l-2x n)-2 (only 

6 were measured), some of which discharged tlieir ;ioo.spnr.-,s wlnm kept ii, 
water on a glass-slide. There was no appearance, of tlie fungus on an}' oMnu- 
part of this twig, nor on those immediately surrounding it ; Mm heaves were, not 
affected, and the flowers and very young fruits were health}-. 'T{mr(? seemitd 
no possibility of outside infection at that time, nor imnmdialeh- before Ji i • 
reasonable to suppose that the mycelium that had entered the'lruit-stalk and 
the branch from the previous year’s infection, Itad remained alivr, within the 
branch and was developing in the moist conditions when the rain came 
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Zoospores discharged in such conditions at the beginning of the new season 
would form the starting point for infection of other parts of the tree. The 
fungus also develops from within branches that have partially died back. 
On splitting a branch in the vicinity of the place to which the die-back has 
extended, there appears a clear line of demarkation between dead and living 
tissues ; it is O’S to 1 millimetre broad and is dark-brown. The dead wood 
is dry and brittle, brownish in colour, and the vasa are easily visible to the 
naked eye, while the living wood is moist and tough, yellowish in colour, and 
the vasa are not so clearly seen. Sections show thick non-septate or sparingly 
septate liyphse of a Phytophthora in the dead tissues as well as in the living 
tissues adjacent for a distance of a centimetre. Hyphse are found in the 
cortex, phloem, xylem, medullary rays and pith. Some are inter-cellular, 
but others pass into and through the cells of these tissues. From the distal 
portions of the living part of a branch that has partially died back, fresh shoots 
are produced in the early part of the growing season, and a few weeks later 
they wilt. During the investigation of this point in 1916, shoots that were 
produced about the middle of February showed signs of wilting about a 
month later. The lowest 2 or 3 centimetres of the shoots became discoloured 
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on tlio rjiitsido aiul tho loaflote slirivolled uiid foil ofT, By f lie, liimo iJm loavoB 
are wiltins aiifl falling, tire hypino havo cxtoiidod to ji, {){»inf, from ;5 to j <-.(mt! • 
metres heyond tire attaohrnent to the ])jirent hriineli. TIh'.so (oaves (hat 
fall oH; are not invaded ()y tJie fnngiiH, an is proved hy .sectioning jusd hv 
incubation. Turn ex^amplca which ivtm'. exainiinul in t!re. inoiitli of Apri! jua v 
bo taken.. Figure I sliow.s a section oi a (jrancli (fiai had partiaily died hack, 
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and from tlie living part of wliich a new sKoot had developed in the early part 
of the growing .season. The loaves of the living shoot were wdlting and falling 
f)n’. Hyplun of Phytophtliora were found in the living tissne of the parent 
branc.h., and in tire new shoot at the places indicated. They were not found in 
the shoot hoyond those places, neither wore they in or on the leaves. Figure 2 
is a siitjilar case, Init three shoots had developed and hecoine wilted. The 
hyplne were found as in the former example, but had extended backwards in 
the main axis to a distance of 7 centimetres. The search for hyph® was 
carried farther back than in the former case, and none were foiiiid in the 
branch system nearer the main stem. Except for this one end-branch 
that had died back and the three wnlted shoots, all the subsidiary 
brandies s|)riuging from the one that left the main branch were fiee 
from the fungus. Parta of the infected areas just beyond the limit of the 
{larfiia! die-bfuk when incubated produced sporangia of Phjtophtltora in both 
examples. Such cases are fomid when the yomig leave.s have flushed and 
the wilting slioots are easily seen. Marked infooted shoots have not hoon 
seen to do this in the onsiiing season, as in every case noted another fungus, 
usually Botri/oiU'plod'ki theohronia) Pat., has iufeoted the dead branch and 
carried on a dio-haok beyond the limits of the This happens 

in nature in a great many, proliahly the majoiity of cases in which 
PhytopJdhm Inus begun the dicrbaok, and it seems that only a comparatively 
small mimlier of jiartially died-baok branches can actually reproduce tlie 
disease in tlio succeeding season. The fungns lias not actually been found 
in tliis portion to come out to the surface and produce sporangia in nature, 
l:mf, there is little doubt that it does so when the air becomes \miy moist at the 
bogiiming of the monsoon. A similar instaiKje of perennial mycelium has 
bora given by Butler and Ivulkarnii the mycelium of P. mlocmim may 

survive the dry weather and start renewed growth in the succeeding wet 
season. Molhus^ has given a list of species of PeronospomcecD that have been 
reported to liave perennial mycelitun, and among them, besides the one just 
mentioned, are two species of PIiyto 2 )Mhora, P . ^'nfesians and P> metonm. 
During the monsoon a similar thing happens, but, instead of wilting, the 
leaves fall off. Figure 3 is a diagrammatic representation of a branch system 
tluit 'was examined in the'middle of July. The lowest side-branch which was 
a now one had its terminal bud infected in April, and w^as now dead almost 

J BidiliM', E. J., and Kallvami, (f. S. “Studios in PemimponifCMP Mam. Dept. Agrk.. 
DuVtu But. V, pp. -261, 1913. 

2 I't “ PiU'ounijd Myeolium in spe( 5 io.s of Pemmsjm'acem related to PhyiopJdhora 

Jimni. .‘Up-'ic, Ros'., V, p. 67, 191S, 
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to the main branch bIiovvii ; the one above it wafij^o-een bui. lojjlIrsB ((‘ijulit h‘jsl' 
scars showing that eight, leaves had fallen), whih^ all the otinns had gic.an iritves 
and looked quite normal The other loaf-scars fuentioncd iti llic, diagnnn ere 



Fig-. 3. 

those of the previous season’s leaves. The main bramdiwas discoloured on 
one side about the place of insertion of the lowest side-liranoh. The lowest 
part of the lowest side-branch was discoloured, but some of the cells of the 
cortex were still green so that this part of the branch was not quite dead. 
Within the main brandi the pith was brown for a distamse of 4 centimetres ab< > ve 
g.nd below the insertion of the lowest side-branch. The xylem was streaked 
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with, small irroonlar brown markings and tbo cortex was slightly brown. 
This discoloration extended a little beyond the point of insertion of the leafless 
side-branch whose tissues for 2 centimetres were slightly discoloured. Ilyplun 
of Ph}jfopl}lhora were found in the discoloured tissues and copiously in tlie 
medullary ra}-s and in some of the larger vessels. The fungus was not found 
on the surface of any of the branches. The shaded part and the crosses show 
the limits within which hyphm were found, while the asterisks indicate the 
regions wliere sections were taken in the search for hyphfc ; none, however, 
were found there. The character and measurements of the hypha? proved 
that this was the firngus that is being investigated. On incubating pieces of 
the discoloured tissue sporangia of Phytophthora were developed. One or two 
of the leaves on the single branch that was shedding its leaves were secured. 
They came off easily when the specimen was being cut showing that an absciss 
layer had already been formed cutting ofl' each from the branch. ,No dis- 
coloration was found on the petioles or leaflets of these leaves, nor on any oi 
the leaves on the other branches. In this case the infection of the branch, and 
the falling of the leaves tof)k place in the same season in a way very similar to 
that of the former two cases in wliich the infection from one season caused 
the wilting of the leaves at the beginning of the succeeding season. This 
is another example of the fungus within a branch giving a stiniulus that 
fiauses the branch to shed its leaves. 

Thus when the lower part of a twig is invaded by the fungus, two tilings 
may happen : -(I) In the early part of the season the leaves on the twig wilt 
and fall ofi', and (2) in the monsoon they fall off being quite green or having 
previo.usly tiirnod jmllow, and thin even though they are not them'selvcs invaded 
l)y the fungus. The presence of the fungus and of tyloses in the vessels suggests 
that the upward flow of the sap is being checked, but they do not seem to be 
present in sufficient quantity to fill the vasa to such an extent as to clog them 
and directly retard the passage of the sap sufficiently to cause the leaves to 
wilt and to fall. It seems more likely that the copious development of hyplun 
in the medullary rays causes the cells of these rays to lose their pumping 
function, and that accordingly the sap doe.s not pass or passes in much 
diminished quantity beyond the region of the stem infected by the fungus. 
.‘\s already pointed out, most of the leaves that fall in the second leaf-fail 
during the monsoon are directly infected, but a proportion that are not 
infected fall for the cause just stated, and in the early part of the 
growing season before the monsoon comes this also happens to a very 
limited extent. 
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Cultures. 

fiivst ctilf.nro of tli.0 PhylopMma was gob hy .HjigUly Hcruping 

ilw myniimn and s]K)raiisia from tW mjrfaceo/ an iiircdodlnaf, alialcijiKtlm 
souipmg in a lililii sterilo wator, and plating tlio nml:orM in Fmridi-lM'aii.- 
agar. A .spnrangram tluvt liad gorniiilatel as a miiiilinni ivas Tciiiovad on (in, 
■sopoihI day and pl,-w«l it, a .Frniioli-bcan-agai- Bloped tube. Siiliscpio.iiUv 
oiltura wro madn in a similar inannor from other leaves and from frailti in 
(be gmwing seasons of different years. They were also made fmm shavings 
Tom tlio living tissue close to the lino of division between dead and livljn»- 
tisstra of a branch that bad M baet and from a spot of barb-rot. Hie t,is.s„e 
was placed in a moist eliambor and from the mycelium and sporangia developed 
on ,t cuitnra worn made as heforo. Tfins all tlie cnlta™ started fatm single 
apocangia. T,'a„.src,s were ,„ade as .a mle by transferring myeelinm b-om 
ti, he to (.nbo. Hmngb tl,e fungi, s grows soraewbat bettor olber medi.i 
stall l-rcch-boan-agar w.u invan'ably used tbrongbont; a.s it was (bn limt 
niedram found on wbich the fimgus grew readily. 

^ ffnnrrt bt pi. ,,„bes of eacb medium fresbly prepare,! were 

inoculatcf at (bo same time and hept under the same conditions One of each 
was nsed for examination dmbig the period of observation. In agar-avar 
(hoie was very slight .mbmorgerl growth after two days and it very »l„wly 
mc eased. and at (he end of a mm,(,h there w* a little' growHa on thLXe! 

r^' ™ agar-agar, but it advauecd 

alon„ irregular hues and the submerged hypbre were richly br,mclicd aiid 
irregularly swollen. In carrot-agar (ho growti. was mostly submerS wib 

sparse typhoe projecting slightly above the surface. On tho Cth day it bad 

advanced about 1 centimetre, and by tho 9th day the aerial byph.u began to show 
more copiously and ffadually increased till at the end of aLnili there was a 
fair amount of mycehinn all over the surface. In potato-agar (he .ewth wa., 
like that in carrot-agar but advanced at ffrat a little more rap-idly. The aihial 

wSiuTI2 “d at the end of the month 

were sw scanty. On HcrOT-Ieaf-agar the growth at first was slight and s„b- 

mciged. but froni the mnth day it increased more rapidly and liyriha' appeared 
mi . e sitt, ace. y the fourteenth day the whole surface was scantily coi mcd 

i mycelium. At the end of a month tho mycelium was a dull hLd mass 

roMhi^ ^ the growth of ai'rial hyphm was .mod 

caching l eentnnetre on tlie second day, 5 centimetres on I m^th and 

the sloped tube and advancing up tho sidea The mycelium wop white ami 
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fairly luxuriant. On Quaker-oats-agar the groT^i;li progiessecl as fast as timt 

in Frenoh-bean-agar, but was more dense. On maize-agar and cowpea-a-ar 
tile growth was very good extending to 2 centimetres on the second, G centi- 
metrw on the ninth, covering the whole surface by tiie fmuteenth day, and 
filling up the space between the agar and the other side of the tube. The 
mycelium was dense, white, and flocculeut. The luxuriance of growth of 
the myceUum in the culture media inoieases according to the order in wMch 
they have been described. On carrot and potato slabs hj-phse appeared on the 
second day and gradually spread all over the surface by the fourteenth day, 
becoming more dense by the end of a month. Sporangia appeared in the 
tubes from the third to the eighth day e.xoept in the agar-agar and glucose-agar 
tubes where they were present between the seventeenth and twenty-ninth day.s 
and in the potato-agar and S-CTm-agar tubes ivhere they were not present after 
two montlis. The main difforenco lay in the fact that in .some media the growth 
was almost entirely submerged, in others though at first subiiioiged was hater 
scantily ainial, and in others aerial and copious fcom the fust and also in tho 
varying intervals at which sporangia were produced. Tliough ■e.xammeel a 
year afterwards, none of tho tubes contained oogonia. 

Inoeulation experiments. 

Tiio plants used for inoculation at Coimbatore were all grown in the 
plant-liouse from seed and were from one to two years old. It was found 
impossible to establish stumps as the young trees could not withstand tlie 
diy winds in the hot weather even when protected as much as possible by 
other plants. In Kallar at the foot of the Nilgiris a small Covernment 
gard,en of Hevea trees up to 13 years old was at my disposal, and bero 
neither fruit-rot nor leaf-fall occur and Phyto^Mhora has not been found. 
The plants used for experiment were thus never exposed to infection from 
Phjtophthora before being used. The infective material used was taken from 
pure cultures in French-bean-agar and consisted of minute pieces of mycelium 
witli mature sporangia actively discharging zoospores in sterile distilled water 
or of the water containing zoospores just discharged. 

^ (1) On hajlets of the flmit. The leaflet was bent slightly and held iii 
position by a split stick or a x>iece of thread in order that the drop of water 
might remain in one place, or two adjacent leaflets were held together lightly 
and the drop of water placed between them. The plants when small were 
placed under large bell-jars or in glass cages and the leaf was placed in an 
.hrienmeyer flask suitably supported when a large plant was used, 
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Tlie fimt Sifpi of discoloration was noticed on tlio Oid or 4(.li diu- after 
inoculation, Tiio draoolourod area became pale, flaccid, ami wrinkled, and 
mtended till it involved the whole leaflet wdiicli became .slieliUy |,wi,s|„|. 
Infection took place both from the lower and tlioiiijpcr surface. When Ibe 
air was very moist hyplun and sjKirangia were found mipioii, sty on l.lu^ suifai-e, 
but when ait was allowed acces.s to the jara so that the air in i.he jais was fairly 
dry, few hypha- were found on the surface. When an infoctcl kdicl wk uuule 
to touch another tiiat other became infected, and when drops of water were 
allowed to pass from a leaflet that had ripe sporangia the leaflets on wliicl, l,l.e 
dreps fell became i, fleeted. Infected leaflets fell from the 9th to tlie Hill, day 
alter mocukhon, I« some cases an infected leaflet fell and the plant remained 
liOalt ,v When tim .l.scoloratioii passe,! down tlie petiole the other huxllets 

also tell and .sometimes also the petiole but it so, remain,,,! on the stem 

tor several rlay.H .sufficiently long to allow of „t|,er natural la,!, us i„to 

),Uj to muse ds lall. In section the genndulies of tlnee snospm-es w,.re 

pussnig through the cells of the upper epi.humis into the p,,|i.su!|e |,„„,,„.h'vu 
ami (he gem, tuhes of two pa,SBing iub, a stoma „u the iu„l,.,' .surlmr Tie'- 
apiieaiamo „l tl,c leatospotin section was like that in nature. a,„l Ihc rffiarn-ters 
and i,„«surome„ta ol the hyplue and .sporangia of (he fungus wilhiu (In, |,.all,.|s 
agreed with tiiose ol the in culture. He eultnres mu, I,, It,,,,, 

lion, lliese leaves were used SHbs,.,|ueiitly with siiceesH to infect f.uifs 

on he drel to the M, day ; the s.nall pale leaves beca.ne ,lu,.,.i.l a,„l ,„ikp',:a 
or lell oil a,.,l the bud .shrank. Copious mycelium and spomugia w,„c usiLlIv 
iroduced. In a lew cases the bud dri,Hl up and fell off leaving the plant healf re 
or some weeto, and soetious at tire place of abscission laile,! L .show t|,t 
pitseiice ol Jiyph;e. In other easels the dlsaoloiutioii aTudu-ilh- insKt- 1 I 
stem or the hraneb, each leaf falling off in succt:::' ' wC " 

tonditiom \\ero induced the progress of the discoiorniiou hP, pried luu'u! 
the plant was kept in inoisCair con,litio„,s all the time Ihc dis^^^^f “ 



In other cases where the plants were kept under cover no tubes were used. On 
the petiole the discoloration appeared on the 2nd to the 6th day and the leal 
fell on the 8th to the 11th day. Sectioning and incubating the discoloured 
part showed that the fungus was like that in culture. The controls were 
unaffected. 


(4) On the green branch a small cup of plasticine or of soft paraffin- wax was 
moulded, and this held a small quantity of water into which the infective 
material was put. Discoloration appeared on the 2nd to the 6th day. In 
growing shoots, a week or two old, of young plants the part above the point of 
inoculation bent over and hung down, while those a little older remained erect 
and gradually died in from 5 days to 2 weeks. This depends on the amount 
of supporting tissue developed in the shoot. Discoloration sometimes passed 
downwards below the cup, the leayes were shed one by one, and young plants 
(lied down to the base. Sections showed the presence of hyplue nf Fhylophthora 
in all the discoloured tissues, and on incubation for a day sporangia were 
produced like those in culture. Green shoots of trees shed their leaves itniii«- 
diately above the point of inoculation, and then tiie wlude upper part died ; 
yet in some cases, though a part of tlie stem became discoloured round the 
point (jf inoculation, the discoloration did not extend and the branch remained 
quite healthy. Later on one of the latter was examined, and though tliere 
were hyplne within the tissues they could not be delinitely assigned to 
Phyto'phthora and on incubation moulds were produced. Tie controls 
remained unaffected. 

(6) On the tapped surface. A small cup of plasticine was moulded against 
a part of the tapped surface on a tree that had been tapped the same da.)'. 
Mycelium from a pure culture was kept for 24 hours in a watch-glass witli, a 
little water. Before inoculation more water was added, and when the sporangia 
were discharging freely a small piece of the mycelium with sporangia and zoo- 
spores was transferred to the water in the cup. During the monsoon a small 
hap of waxed cloth was tacked on the tree above the cup and hung down 
over it about an inch. This was meant to prevent rain-water streaming down 
the trunk from entering the cup too freely and washing out the infective 
material. When the inoculations were done in less rainy weather this was 
dispensed with. Tapping was stopped on all trees after they were inoculated. 

(a) 15 were inoculated and 8 showed the discoloration of the bark on tlie 
7th day. The other 7 showed no sign and were re-inoculated as before on the 
7th day. After 47 days 9 had bark-rot and 0 had not. The controls had no 
I’ot. (6) At the end of the monsoon 10 were inoculated and 7 sliowed dis* 
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colora.ti,m an, I .Hcftonins <'f b.ark on tUn 12tb ,ky ninl :1 ,li.l Tin- 
«U 1 .» ,vnrn I,),. on ,-,nn«vnA Mio sputn si-aduully drin.1 np and nxt,n,„inn 
, i.v ivncka afterwanln tlio spnia worn nm'to di-ind mi n,iul llin |.,ui Imlnw w,w 

Hialby. Tli,nn,„il,ml.sdid nntnlnnv any rnttinf.-, (,,) Dininf, I, I 

nnre n,o«,(,ifnd hui no (lap of waxod ntnUi nan uncd. Konn „r I 

i-nl. J Inn may liavn l,unn .Inn t„ t|„, fani, (,|n,|, a vnry :i,.,avv d.nvnponr of i-ain 
a bnnt an how afton uiunnlatnni may luavo waniunl <m(, tlm infn.-livn nnKnrhd. 
M A nina [ pun-n ol; tl,e dead bark of tke tapped nurfaen wan peeled olf exponinn 
^ 16 green layer and a plaatumin enp monldiHl roirnd and below it. TJiti inoen- 

n Tbe'ytl 1'“" “rf r? "'""‘’“'"I 

7U. L .uf. ":*• ''“foe. on tin, 

controin I "l ‘ ' “"'I '"I'l I'ot- In .-ill eanen (lie 

-n Hiln nbowed no ,n,gn of rotting. Tim npotn varied In nine np t„ .o^.b 

.r^ cte t I ? 'VU.^ -soft and rotlen, in 

ivliieli nrodin-Vi*''’ T II' onntained Iiyplne ,d /V/y/op/d/zom 

U * ^oiig{|;n(lifia( (!i';U‘bj lu .s.hihi (if tli,( 

iiad lioak "Inri'uilr 

grmvtli. ' ■''"'■"■■'Kliiig jmmmm none of (Innn ronewe,l ti.ei, 

Bn in‘f?„r™cel^rrT"' 

shrank nlightJy and l.urned bleb and ^"T • 

TheinociiLe,' n„ ""'itanmd hyplue willdn tlieir tinnnen. 

(tie niocula ed (lowora iv,ljnn-ed, heeamo da, l«o|onred and fell nlf , 'arefnllv 

n:.:,, £ 

sideraUo nmnbers. Contml''b,W ''.“'" I'' "" some in eon- 

heecne dincolnured. >-«B,nc,l Imal.hy a„d did, no, , 

bd-eeflnd mSiTteretlh'l""^^ 

ivith sterile cMm and pi ^d U ^0^1"''’ T" 

^--.-selean/el..n“^ 

- da, in another at the flower-ends, and in a tin rd 
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on tlio siiles, wliilo tlni fruits in the otlier two dishes were kept as cheeks. On 
i)S),o 3rd day distinct discoloration began to show on most of the inoculatc^d, 
fruits and next clay was present in all On the 5th day the spots had ext( 3 ndnd 
(<01 OIK! of iJieni to .1^ centimetres), and liyphce were present on tJio surface. 
One of the fiaiits inoeiilated at the stalk-erid had a spot of Penivillium and was 
i-enioved. On the 7th day the discoloration had extended well round the 
fruit on most and entirely round on some. They were all sectioned and hyphre 
of Phyfophlhora were found in the mesocarp and endosperm, and the sporangia 
on the outside were (!xac.tly like those of the Phytophllioni in culture. The 
control fniits were not discoloured, 

(h) The saiiK! (‘xperimenl. was repeated except that in this case the potato- 
dishes wei«! made iiito nioist chambers by sealing the two dishes with a waie.r 
layer, ily the, ev(!ning of tin! day following the inucnlation disculoralicm 
ap]3ear<!d on a h'.w and ne,xt day was distinct on all On the ibd day it had 
exteiuhid fifun 1 to 2 {*entim<!t,res and hyphse appeared <»n the surface. On 
th(! Itli day cliscoloi'ati'on had reached half way round fruit in most cases 
and oopioiis mycelium was present. On the 5fcli day H fruits W(!i‘e entirely 
diseohnired a,n(l t W(!r{! almost so. In 5 of tiro fruits the mcsocarj) sj)Ut along 
tire siitui’e.s aud eonti'actod sliglitly. Seven, of the 8 control fniits were In^althy 
ami oiH! had a small spot of Jhmirkmt. The inoculated fruits vv<!i*e sectioned 
and, hyplue of PliijUyplilhofa were foiiud within the mesocarp winch was soft- 
arid sofhlen as in the fruits in nature. Hyp] i,a:! were also found within the 
endosperm and In the axis of the .fruit-stalk. The sporangia <!orres]>onded 
In characters with those of tire eiilture. The control fruits did not liecmne 
rotten,. 

(c) In another experiment four fruits in a moist clrambei* wore inurnilated 
l)y placing a drop of water, containing zoospores only, in the depression at tire 
stalk-end filled with water. Eour other fniits were kejrt- as controls. TIui 
zoospores were got by allowing the sporangia on a piece of juycelium 
on a slide to discharge freely, then carefully running of. the -W'ater onto a 
cover-slip and transferring it to the water on the fruit. Three of these became 
well infected by the 5th day and were examined when liyplue were found in 
fJie mesocarp as well as liypha,' and sporangia on the surface. The otlier was 
uniuft!cte(.l, and the 4- control fruits remained healthy. The fungus can thus 
inlecf- the fruit at any part of its surface. Seeing that the infection of fruits 
was used to test the infective ca|)abiHty of cultures made from various parts 
o f the plant, it was found in many trials that infection was more often successful 
at tlie stalk-end as the depression round the insertion of the stalk holds water 
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so readily. Similar results have heeii got iii different years on I'rniis l.otl, froi,. 
the West Coast and from an estate on the Nilgiri Distriet ivliero tlie fruit rot 
does not oecur. Younger fruits from the size of jieiw ujnviirds liave heeu 
infected in exactly the same way. 

Inocuhtmi on to ot/un- jilank-. lu nature this Vlinloiililhimi Inm l.eeii fouiui 
only on Hemi hmdlienm. Artificial infectious have lieen induced. Innvever 
on UamM Ghzimii and Rioinm mimunis. The inoeulative material was 
myeelium with discharging sporangia from a culture on Freuch-licau aga.i' 
e.\cept in two plants of TStomus where it was from a Quakej’-oats-agar culture 
The plants were grown at Coimbatore from seed and were not exposed to 
outside infection before the experiment. The « inocuiatod Itirimix leaf buds 
became infected while the f controls remained .Iiealthy, and tiio i inoculaled 
leaf-buds of Mani/wl becaine infected, while the It controls remained healthy. 
The leal-imd ami three or four leaves on the liriinch beliind it, were imicniateil 
in eaeli case. The iulected leaves show a discolimred spot, on the and or :)rd 
day, and the .spot gradually extends till about tlie 7lli nr ,S|h day part or -ill 
of the leaf is flaccid and limp and aerial hypinc and sporangin are 'found under 
moist conditions. They behave very nincli as do tlie limn leaves. VVImn 
young plants ore used tlic fungus may pass down the stem and kill them us il 
does in Hemi seedlings. Twenty-three fniihs of Jhrm and lii fruils ol 
Mamkof were waslied in 0-| per cent, comi-sive snblimnte. then in distilled 
water, wiped dry with sterile cloths and placed in moist, ebamiKnu (If (J,,. 
f(i //«« fruits inoonlated K) became infected l,y tfie (i,.|, dai- and did m,t' 
win e of the 7 controls fi were heall,hy and one was monldy. Of the a I MnmiJi 
fruits inoculated 12 became infected by the liti, dav and i) did nut while of 
he (i cciitrols 5 were healthy and one had u spot of mould on ..be last dav. 
The infected fruits of frfewm Imeome discoloured and rot in the 

same way as do those of Ilenm, hut they chf not deoay so f|uieKh'. 

The fungus. 

The hyphai are hyaline, and vary much in diameter ; they nsnally 
measure trom 2-n to across, but may be up to In,, especialh. in the 
pith and in vigorously growing cultures where tlie l.raiiching is irregular and 
pro use. Transverse walls are spaisely formed; they occni- to cut olf il.c 
reproductive organs and to cut oft an empty part of a bvpha from tin p ' 
con ainmg protoplasm, and this may happen very early in the life of an in.li vi 

cua ungus. Cross walls are sometuucs irregularly lliiolieueil. Dilterentiated 

hanstona as such Jiave not been seen. A branch that has entered a cell mav 
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be foiind, but as a rule tbough it is sometimes irregularly swollen, it does 
not diOer from one tliat bas passed through a cell. 

lllu? re.productivo organs of tliis Phytophthora are of two types, sporangia 
afid oogonia. '.rhe former are found on the hyphae that protrude above the 
surface o£ tli,e plant and the culture medium, while the latter are embedded 
in the tissues of the plant and within the culture medium. 

Sporangia are borne both terminally and laterally on aerial hyphae both 
in culture and in nature, and on hyphae lying along the surface in culture, and 
arc formed abundantly in suitable conditions. When aerial hyphfe from a 
vigorously growing culture or from the surface of a plant are placed in w&tex — 
oithei’ distilled, rain, or well-water— they form sporangia which become fully 
Idrmed and discharge zoospores in from twelve to twenty-four hours. As an 
example a slightly infected fruit was placed in a moist chamber at 5 p.m. 
N(*,xt morning at 8 a.m. a few aerial hyphm were removed and placed in sterile 
rain-watei' under a cover-slix). A drawing of one brancblet having young 
s})oraiigia was made and measurements were taken by 8‘30 a.m. (Fit. H, 
hgs. 22 -25). Six young sporangia (Nos. .1 to (5) were measured; one 
(No. 7) was a minute swelling at tbo end of its byx)ba ; another (No. 8) was 
seen as a small swelling lOg in diameter at 9‘30 a.m. The succeeding 
measurements are. given in the table below. The slide was several times 
iitigattsd during the day. Betwcnm 3 and 4 p.m. live sxjorangia discharged, and 
one had |)i‘()duccd a germ-tube 57^1 long. Two failed to dischaige by 5 p.m. 
wben tile hypha was washed away and lost. 


No. 

H-81) A.M. 1 

10-30 A.M. j 

2 30 c.M. 

3-4 P.M. 

1 

2Sp 

41M 1 

4lM 

Discharged . 

2 

25 

41 

41 

Discharged. 

:■} 

11 

26 

30 


4 

20 

40 

40 

Discharged. 

5 

22 

39 ! 

1 39 

Discharged . 

e 

16 

38 

1 35 

Discharged. 

7 

0 

U)-30 A.M.l 

25 

: 27 

Germinate<l as a coni- 
dium. 

s 

1 lu 1 


32 



Similar results arc got wdien a'minute culture on the underside of a cover- 
slip on a Ward’s tube is placed in a droxj of water on a slide. In a moist 
atmosphere or in a small quantity of still water mature sporangia remain 
ready to discharge for a co-nsiderable time, but when irrigated or placed in a 
large drox> of w^ater they discharge in from 10 minutes to half an hour. In 
culture they discharge in the moistui’e of condensation on the surface of the 
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inecliuiii aud on tlio sides of tlie tube. Tbey liavo nesror been h<;oii iio dlscliargo 
^soosporow w.h,cii tliey are not in contact with water Uiongb nnuiy aiioEupte 
Jiav(5 been jiiade to induce them to do so. Wiien tJiey gonainatti at all in tlioso 
c.oEidjtiunstKcy do so as conidia. Sporangia are mostly pciir-sluipcd with the 
spoiopJiore aitaclied at or near the middle of the blnnfc eml. In sm^h water-, 
cultiaes they vaiy from 17 to 44,. x 15 to 29/*, the average being 32 x 21 V. 
At tiie narrow end is a protuberant, blunt papilla which consists of a hyaiina 
fclucJvcning oi. the wall. The apex of the papilla and the thickening below it 
dissolve when the zoospores are on the point of emerging, and an opening is 
tluis provided through which they pass. Sometimes a sporangium has two 
apexes and only one or ))oth of them may be concerned in the discharge of the 
zoospores, hi water -cultures from vigorously growing, hyph® that have l)e<ui 
tak-eu from a young culture or from the mycelium tliat has just emerged on 
the, suifaim of the plant iu nature, sporangia am fairly uniform and s^iume- 
trical, while esj)e(4ally iu older woil-mfected fruits and in old nutrient-agar 
cultures the vamition is (mnsiderable. On fruits and on old Fmneh-boan-agar 
cultures they may be. bmadly or narrowly pe,ai‘-sKapod or elliptical and occa- 
sionally come miar being spherical They maybe bent {PI. 11, hg. G) or even 
hour-glass-sliaped (PI If, fig. 4) or very occasionally lobed (PL 11, fi<r. 5.) 
On fruits the sporangia vary from 33 to 67/* x 14 to 28/*, the avora^ beim' 
48 X 21/*, while in Prench-bean-agar cultures tliey vary from 33 to 
72/* X 29 to 4 1/*, the average being 48 x 30/*. Thus both in. nature and in 
culture the sporangia are considerably larger than those developed in 
water-ciilture. This, however, is due to the ditlereut conditions in wliich 
they grow. W hen they develop submerged in sufiicieut water they come to 
maturity and discharge more rapidly than tliey do in the drier » conditions 
ill which they develop in nature and in cultuie tubes. 

A typical sporangium is attached at the blunt end symmetrically to its 
sporophoiw ; but the latter is placed iu many cases more or kss to one side, 
ej., PI. II, %s. 1, 3, 4, 5, and in extreme cases may come ctntiparatively near 
le apex, c.y., PI. H, figg. (; and 13. Sporophores vary considerably in icm-tli. 

In water-culturestheyare usuailylong varying from 10 to 200/* and tbey may 

be as long as 960/*. In nature and on inoculated fruits and leaves tliev aie 
often epnte short, and very occasionally the sporangium is sessile. When 
.ley are short the branching, of the spoiangioiihoies; can be made out, but 
when they are long it is, as a rule, impossible to trace them far enough iu the 
we o .hyplno in which they He. The braucliing is sparse, usually from 5 to iO 
sporangia occurring on a brauchlet. The sporangiophoma am not distinguish- 
able fmmordinaiyhypha) except by the pinsence of sporangia. TheircHiyneter 
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varies considerably especially in nutrient-agar cnltnres. It is usually from 
4 to G/i, but varies fi'om 3 to 10 /a. At tbe place of insertion tlie wall may be 
tbickenod considerably and often quite irregularly inside both the sporangium 
and the sporangiophore, e.g,, PL IT, figs. 6, 8 and 9. The sporangiophore may 
be inflated at various points along its length into large or small swellings, c.y., 
PL n, fig. rj, is a simple example. Usually, however, in vigorously growing 
cultures, and especially in water-cultm’es the sporangiophores are regular and 
uniform as in PL II, fig. 2, and it is in old cultures that the greatest variations 
are found. 

The method of formation of jsoospores within the sporangium is typical 
of the genus. The central vacuole is large, its diameter being from 0*2 to 0*4 
that of the transverse diameter of the sporangium. When the sporangium 
is ripe it germinates rapidly in the presence of water. Usually the apex of the ' 
papilla dissolves and the protoplasm, which has already segmented into 
jjoospores, cs(mpe/? through the opening, wli'en the individual zoospores become 
free from one another and swim aw^ay. Usually from 14 to 22 zoospores emerge 
from a sporangium but sometimes dowm to 10 and up to 30 and 40 have been 
counted. In secondary sporangia produced for example on a germ-tnlje the 
number is usually small. Thougli the protoplasm within the s])oi'angium has 
segregated into zoospores before the opening forms, they as a rule emerge one 
after another so fast as to appear like a stream of protoplasm, and they 
congregate just outside the mouth moving slowly for a few seconds. Then one 
or two break aw^ay and tho rest suddenly become active and swim away faster 
than, tliey can be counted. At other times they come out one at a time 
very slowly and, may even take 10 seconds eacli to pass through the opening. In 
tho morning when the temperature is lower they are not so active as. tliey are 
in the higher temperature of the afternoon. As each passes out through the 
narrow opening it contracts consideraldy assuming a long dumb-bell shape, but 
rounds again immediately it passes the opening. When part of the protoplasm 
has escaped, the part that is still within the sporangium often separates into its 
individual zoospores which move about within the sporangium, but ultimately 
escape. Occasionally some of the zoospores do not escape, but remain within 
the sporangium and germinate there, and the germ-tuhe usually passes through 
the apical opening though sometimes through the sporangial wall. In one 
case the apex of the papilla swelled up into a thin vesicle into wdiicli the pro- 
toplasm pas^sed from the sporangium, each zoospore becoming sepaiated as it, 
emerged, into the vesicle. After a very short 'interval tlie vesicle burst and 
the zoospores swam aw^ay. This method of discharge was seen by the W'ritor 
onoe only, and has not been confirmed though he and his assistants have 
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observed tlio germination of sporangia many times from nialeria! gol, from 
cultures ami from nature. When water is not presimt in sriilicirrni, vr.lnme 
the sporairgrum docs not disclinrge zonspoies, but gmirrinatcs ri.s u coiiidirmi 
by putting fori, h omr or more gcim-tirbes, usnally tlrrorrglr lire rriiical openino 
but oecasionaliy tlrrongh the wall. This is seen to so, nr- snrull r-xl.-r.l, ov,-ir’ 
in water-cultures ; it can be made tooeorrr in a cultrrrrr where ear,- is falcr-rr to 
withdraw the water of oondensation from the culture incdium, and ii, occurs 
to a very large extent when rain does not fall on infected fruits for a day or 
so after they have begun to form sporangia on the surface in large mrinbrns 

as^thoy often do. The zoospores usually swim away individually, but not 

mfroqueiitly two or more remain attached or thev mav have' their cilia 
entringlod and gyrate round one. another as they move along. The soosnores 
are ktdney-shapod and vary from 7 to 10-,V. having an average MM-asurerm-nt 
'* '"“1 somctimiis ii, vacuole . They iiavn two 

cilia. Sometimes a zoospore has only one cilium, but wliei.her I Iiis is dun In ils 
having lost one which may iiave been cntang'cd witi, that of nnotlicr zoesiioie 
and become rlotachod while they struggle l-ogether, or whether a second cilium 
did not develop I do not know as 1 have been unable to trace l lie origin and 
development of the cilia. Tire fact that cilia have boon found Iving loose in tlie 
preparation suggests the former possibility. The cilia are iiisciied at or near 
the hilum. Sometimes they appear to be attached near tlie two e.ids of the 

zoospore, hut this appearance- 1 feel sure is duo to slight overstaining and the 

difficulty of tracing the delicate cilia to their points of origin, b, somo pn- . 
parations the cilia, though becoming clear of the zoospore at its ends, ean be 
traced distinctly across the zoospore to its hilum. Tlie cilia varv in leimth 
rom 16 to 23'6g the average, being l!)g, and the pairs are of slightly im,-,|uul 
length. When the zoospores come to rest, as they do within I.alf an hour l.liev 
become spherical, surround thcm8elve.s with a thin cell-wall, and gerniinate 
m from 10 minutes to an hour by sending forth one nr mme germ-tubes 
Sometimes the tube immediately forms another sporangium whi,.|, mav 
discharge zoospores m the ordinary way or may germinate as a cmiidimn ; 
usnally however it forms a hypha of considerable length with several bram-ln-s 
faerm-tubes have been observed to extend from 40 to 80,, in 24 liours. wliile llw 
OK reme growth m length in that time was 236g of which a lengtli of 28, x fron, 

,16 tip was filled with protoplasm. In a recent culture, however, from an 
m ooted frmt lengths of 40 to 270g were measured In 4 hours. Thougl, as a 
uric m transverse wall is formed behind the retreating protoplasm, vet urea, 
sionafly the part with protoplasmic contents is cutoff from the remaininv 
empty part by a c^jlbw^ill (jv^n at this early sta^e. 
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Oogonia arc found in the tissues and submerged in the medium. They 
are as a rule found singly each at the end of a hypha, but in a few cases two 
originated very close together on very short branches from one hypha. The 
oogonium is roughly a sphere whose lower part tapers towards the septum 
which cuts it off from the hypha. Its wall is hyaline or very slightly tinged 
with yellow, but it may become slightly brown when the oospore is mature. 
It is thin, seldom exceeding 1/i in thickness but it may be sometimes up to 
nearly 5// in thickness. The septum dividing the oogonium from the hypha 
is sometimes a little thicker than the oogonial wall, and the wall of the 
lower tapering part of the oogonium is sometimes also slightly thickened. 
At first the oogonial wall is smooth and even, but after the oospore is mature 
it becomes irregularly undulated and crinkled and roughened. Oogonia and 
antheridia are borne on separate branches. The antheridium is colourless, 
and thin- walled, its walls being about the same in thickness as the oogonial 
wall It lies at the base of the oogonium completely surrounding its lower 
tapering part as well as part of its stalk so that the cross septum cutting oft’ 
the oogonium is usually seen through the anthefidiura. It remains attached 
oven after the oospore is mature. It has thus exactly the same relative 
position witli regard to the oogonium as Pethy bridge found to occur in P, 
erytkr<m\ptic(i and Dastur in P. parasitica. Here, too, the branch that becomes 
the oogonium grows through the anthoridium. The actual process of fertili- 
zation has not been observed. When mature the oospore is spherical with 
a smooth surface and a thick wall which is not always of uniform thickness. 
The ciontonts are deep yellow and granular, sometimes with fairly large oil- 
drops. Before maturity it is thin-walled and hyaline, and completely fills the 
oogoniura or almost so, hut when it is dark-yellow and thick- walled it occupies 
only a part of the oogonial cavity. Usually the diameter of the oospore is 
about 0‘8 that of the oogonium, while in the one with the greatest difference 
it was 0'52. The wail of a mature oospore is from 2 to 4ju, in thickness. The 
oospore has not been observed to germinate. 

Oogonia and oospores were first seen on a French-bean-agar culture on 
4th February, 1916. The original culture was made from sporangia developed 
on a discoloured spot on a leaf placed in a Petri dish on 5th August, 1915. Next 
morning some sporangia were plated out on carrot-agar, and on 13th August, 
1915, a sporangium germinating as a conidium was removed to a French-bean- 
agar tube. The resulting pure culture was sub-cultured several times on 
Frenoh-bean-agar, and one made on 7th December, 1915, was examined on 4th 
February, 1916, when oogonia were ^een. Another seb-oulture of the same 
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Koiios niaao on 0th .Tannary, MIG, was oxamuioA on Kil.li liVIouain, 1‘ilG, 
and ongonia wore round. A tliir-d of this sorios Bid. (oillnred ,.ti (,sl KoJo'iniry' 
I91G, oontairiod oogonia wlion o.\-ainiiicd on 17tt Fol.rinnr. |„ f 

tlimo oullnres flio nilorval botwooi. date of suj,-(inl|.i,.fi.g anil’iliat of „liB.o-vliig 
oogonia was M). .‘ia and IT davK rospootivoly. On 7tli Do.soid.ra', Mlii, sovorad 
siilwmltnres were madn on <Jii!ik«r-oata-agar at i,Iio .sanio (iiiin and froni llio 
.smuo niatoiial as U.oso just dosorii.rf. In one of tl.oso oooonia „ere fmmd 
on 4t.Ii Mmiary, ]9IG. For a long time, tlioiigl. vve pnt sul.-nnltnres in wlmt 
wo ttaglrt were e.w% i.lio same conditiora. no more oogonia were round. 
On .amii Jane, 1917, a Uovm fruit with a s’ight diseoloratioii mi iis sui raco wob 
kept ovemiglit in a moist oI..am1,cr. fet morning sporangia growing out 
of It wore pkated out in glnooBO agar, and on dtli ,Tidv one gemiimiiin. "ns a 
eon.dnnn was piareil in earl, oi -I (Jn,aker.oat,-agar tnhes nod in enel’, of 1 
Frenol.-lieamagac trd.es. On ;I7 Ul August one (J,n,,ker mils a..n.r tnl.e and 
one Freneli Iican-agar tnl.e rrere esanii.ied, but no oogonia wore proseni, 0„ 
nil Sopten,I.er otiinr two t,d,es wore eso,>ninod w-il,l. negative nrsnlls. and on 
...tl, September tlio.se two fnbes wore again laandncd with negai.ive remdia. 
<11 R i Ootobc.' a tliird sot of tivo tribes Wm o.-rani!n«d willi negative resulte. 
On loth November the fourth set of two tubes rvas e.van.iued, and oogonia 
wore found m tlio Qnakor-oate-agar tube nniv. In tliese rive (.dies nloneliave 
oogonia developed, yot wo havo o.varainod over TOO cultures si.eeiallv ei-owii 
for this purposo on vaiions kinds of media at rlifferont tlnio.s ilnrin.. )070 an,l 
1917. Thus tbe oogonia in tlie Grat four instanecs wore got from’ tlie .same 
atom, and tills is a similar c.^peiioiiee of other iiivostigatois of tlii.s genn.s. 

Tho first tid.n that prodneed oogonia sown on 7tli lleecndmr, '(9|fi, , ■ 1 , 1,1 
o.™ninodon 4th Fehriiary, lillfi, eontaiiied 30 of them ail of wlihh n’em nui,tiire 
maturity being deoided Iiy tlin oospore.s Imving n,lnr,iiim ami a 

fhickoiied wall. In this tube wore fi oogonia wIi„.so lenglh was g.-,.ater tiian 
lOg, and only ono oogonimn of tin's sise (it being .fix HR,.,) lia,s Iie,.,. ,see„ in 
suhseipiont eniliiras. Tiio average ineasnrcriiont of tluwe i: „o..,nii-i w-is 
45 X 4.1,1 -the largo, St being 49 X 4.5,,, and the smallest 42 x 35,,. Tl," 
they eontamod, however, were very little larger than llu. general avera.re 
their avemge berng 20x2.5,.. the largest 2R x2(V, and, tlie .snn.lfi.st -M veo,,' 
Indeed larger oospores iiave lieen found in otlior eultnres tliou.d, (he Intier 
■ wore coritamed in oogonia that did not measure ai.ovo 3R,,. " 

WIO. and onamined on Ifii.h Febrna.y 
1916, 30 oogoraa wore obtained. They wore mneh more miirorn, in ,sbe (dinn 
those from any other culturp. Xhls does not seem to l.o l.eeause they wor,, 
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immature, for the average of the measurements of oogoma is about" the same 
as that of those in other cultures, and. the oospores are slightly larger. The 
other cultures call for no special mention. 

Oogonia were found first in nature on three rotten and dried up fruits 
.gathered from the ground under Hevea trees on 6th September, 1916, and 
examined next day. .During the succeeding week about 300 fruits were 
examined both on the trees and on the ground under them from the same 
block and other blocks on the same estate, but no more oogonia were found. 
On 20th June, 1917, twenty fruits picked from several trees on another estate 
were found with oogonia. The pericarp of these fruits was soft and rotten, hut 
it h.ad not then split along the six sutures. Forty other fruits collected at the 
same time wore devoid of oogonia. On 1 0th August, 1917, on a third estate in 
anotlKjr district oogoma wore found on about 10 rotting fruits in a stage similar 
to tho^ last. On the fruits examined on 7th September, 1016, nineteen mature 
oogonia with oospores were found immersed in the tissue of the mesocarp. 
Round twelve of them tlie oogonial-walls wore still present, three had remnants 
of the oogonial-walls, and four had none. The epicarp of the fruits was soft 
and rotten, consequently it was diflicult to make microscopic preparations, so 
I tliink that the oogonial-walls of these seven had been broken away eitlier 
partially or completely in the manipulation of the material, or they may have 
disintegrated within the tissue of the epicarp. There is the possibility, too, 
that the last four never had oogonial-walls and were not oospores. This 
supposition, however, is discounted by the facts that in cultures no thick- 
walled spores have been found that are not oospores developed witliin oogonial- 
walls, and that they agree in size, colouring and thickness of wall with the 
oospores found on these fruits. The smallest oogonium with its oospore 
measured 24-6 x 22*5^1* and 20-5-1- 20 -5/* respectively; the largest oogonium 
with its oospore measured 30*4 x 28 /a and 28 x 26 /a respectively. The averages 
of the twelve wore : oogonia— 26*5 x 24 -9/^, and oospores— 23 -9 x 23 -S/x. If the 
three oospores with incomplete oogonial-walls are taken into account, the 
average of the oospores is 23 '5 x 23/a. The average of the 4 spores without 
oogonial-walls is 23*8 X 23 /a; thus they agree very closely in size with the 
oospores. 

On the fruits collected on the 20th June, 1917, 45 oogonia with oospores 
wore found in the mesocarp. The oogoma varied from 20 to 26haX20 to 27/a, 
the average being 23*7 x23*5/a, while the oospores varied from 18 to 23|ux 18 
to 22/a, and the average was 20*3 X 20/t. Both oogoma and oospores are 
slightly smaller than those found on fruits in the previous year. It is likely 
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that tliov woro not fully mature, as fclie colour was palor, aiul tlioy wore found, 
ime.Yjmntedly early in the season. As moulds develop rapidly on stored rottiri" 
fniifs, all except tlioso searclied for oo^fonia were put in ptcldn, so tlu^ ohanco 
of examiiiitig tlunn at a later stage of development was lost. On t'lie fruits 
collected on lOtli Augitst, lOlYjtwmity-two oogonia with oospores were, found, 
eleven from the soft raesocarp and eleven from Oio ouiside of the midiicarp. 
The oospores of those found in the raesocarp wore of a lighter tint, and were 
prohahlv not mature, and this is home out hy the fact that ]>oth oogonia and 
oospores were on the whole smaller than any others found on fruits. The 
oogonia and oospores from the endocarp were the largest found on fruits, heing 
a little larger than those seen in September, 1916, and they come nearer those 
that developed, in culture. Some of those oospores were more deeply tinted 
than any hitherto seen, being almost brown and diflicnlt to see through. As 
ill the case of the four spores without an oogonial ei^vering seen on Ihe fruits 
examined on 7th September, 101 6, so here too a few spores wore found that had 
no surroumling oogonial-wall. On the last occasion twenty- two of them were 
measured, and they varied from 20 to 29/i x 19 to 28p,, their average being 24-5 x 
21//.. Tlieir limits are within those of the oosx>orcs found on the same fruits, 
thougli their average is a little They wore found on the outside of 

the endocarp, the tissue surrounding them having to be teased out on iihe 
slide in order to mahe a microscopic preparation. I'lioy liave exactly the 
appearance of oospores in colour, thickness of wall and appeataneo of the 
contents, and I tliinlc that they are oospores from whicli the oogoniahwall had 
decayed, or had been removed mechanically in making the preparation. 
Such spores have not been observed in culture, where the same diffi(;ulty of 
maiiipulation in making a microscopic preparation does not exist. 

The variation in size of 136 oogonia and oospores found in culture on 
hhench-hean-agar is for oogonia 22 to 49jax20 to 46/«., and for oospores KH 
to 32jU.Xl5 to 32p, while that of 79 found on fruits in nature is for oogonia 
20 to 48/1 X 20 to 40/t, ancl for oospores 16 to 32/i. x 16 to 32/i, so that the limils 
of variation in the two oases are close. The average, however, for those in 
culture is higher than that for those in nature, the average in the former 
case being for oogonia 33 x 31 /i, and for oospores 25 ‘6 x 25/x, and in the latbir 
case for oogonia 26x24'6/x and oospores 21x20'5itx. On the last occasion, 
however, on which oogonia and oospores were found on the endocarp of the 
fruit, the average of the eleven seen was for oogonia 30*5x29*7/x, and for 
oospores 23*6 x 23*5g, and this average approaches much nearer that in culture. 
Seeing that so few were found on the fruits, every one distinctly scon was 
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measured, and ifc may bo that some of them were not fully mature. As the 
case stands at present, it appears that oogonia and oospores in culture in 

FrenchdMmi-agar are somewhat larger than those in fruits. 


StTMMARY OP THE MBASHREMBNTS OP OOGONtA AND OOSPORES. 

In oulture. 


Oogonia 

OOSPORRS 

No. 

Variation 

Averajye 

No. 

Variation 

Averafce 

30 

.31-5-19 X 2S-455 

36-6 X 34-5 

30 

21 -28 X 21 -26-2 

25-2 X 2*-5 

30 

28 - 35 X 28~3l 

31-2 X 29 

.30 

2-2-7 28 X' 22-7 -28 

26-8 X 26 

m 

25-2-44 X 24 -39-2 

33-2 X 30-5 

.39 

20 - 32-8 X 20 -.32-8 

25-3 X 25 

37 

22 - 39-6 X 20- 39-i 

.32-7 X 301) 

37 

18-4 -32 8 X 15*2-32-8 

25 X ,25 

Su trnnary 

22 --49 X 20-45 

3.3-4 X 3M 

1.36 

16-4 - 32-8 X 16-2-.32-8 

25-5 X 25 



Orb fndts. 



12 

I 24-fi--30‘4 X 21 •3-28 1 

2,5-5 X 25 

12 

1 20-5 28 X 20 - 26 

' 23-9 X 2,3-3 

45 

-20-4-26 X 20 -27-2 

-23-7 X 23-5 

45 

18 ~22-8 X 18 -22 

2() 3 X 20 

11 

22 -26 X 22 ~25-6 ! 

24-6 X 24 

U 

16 -21 >; 16 -20 

18-8 X 18-2 

11 

24 -48 X 23 -40 ; 

30 5 X 29-7 

11 

16 -.32 X 18 -32 

a.3f) X 23-6 

Summary 

20-4-48 X 20 -40 j 

-25-1 X 24*6 

79 

16 -32 X 16 -32 

21 X 2'l-5 


The position of the anthoridiiiin puts this Pk/tophtkora into the infi,sfms 
group as constituted by Pethybridge, the members of which now are P. eryth- 
rmr.pUGft, Pebhyb,, P. infestam doBary, P. PJumoU Thaxt., P. parasitica Dast., 
P. Gnhcasicc Racib., P, Allii K. Sawada, P. Melongenoi K. Sawada, and probably 
also P. areccD (Colom.) Pothyb., and P. ThaUclri Wilson and Davis. It 
di ffers from P. erytJiroseptica in the larger size of the sporangia, in the presence 
of an apical papilla on the sporangium, and in the readiness with which it 
discharges zoospores. The oogonium and oospore are more variable, the 
oospore-wall is thicker and the colour is more marked. It differs from 
P. infestam in the larger and more elongated sporangia, in the smaller 
anthoridia, in the slightly smaller oogonia and oospores, and in the fact that 
the oogoriial-wall is not brittle, pressiireWn the cover slip not causing the 
oospore to be expelled. It differs from P, PhaseoU in that the conidiophores 
are not tapering, and do not have swollen nodes, and in the larger sporangia 
and oogonia. It differs from P. pamsitica in the more elongated sporangia, 
larger oogonia, and oospores, and in the absence of chlamydospoxes. It differs 
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from P. Gohctmm in that no part of the conidiophoro adlitires to tlio aporaiigiuin 
after ita separation, in tiie smaller zoospores, arid in the aliseijee of 
eUainydospores. It differs ftom P. AUii and P. MJ,nu,mw in tho larger 
oogoiua and oospores, and hi the greater tlucknoss of tho oospore-wall, and, a?so 
from the latter in tho lar^r sporangia and in tho ahsenre of eidamydospores. 
ft diHoia from P. anms in the more elongated sporangia, and in tho sniallor 
oospores. From P. TUictri, a possible member of this group, it diilera in 
the larger sporangia and oogonia, and in the slightly larger oospores. 

^ flns fungus cannot be inoludediu any of the above specias, tho name 
P. Mmdn was proposed for it, and the desoiiptiou published first in tiro Journal 
oftUlSaniM!, Natural Bistor,, Smi<Ay,No\. 25, page 760, is as follows 
I hjtopUhm Mmdu jiov. .spoc. mycolio ramoso ex hyphis prime continnis 
tandom_ septatis, iwpo ad lOg crassis, inter ot intraeollnlaril.ns ; 

sporangiophoris ramosis lil-m,. longis sod aUcpranto brovibus; sporangiis 

vol latoralibns, in fnmtibus 
“a 20-44 X lfi-29g ; soosporis ovatis yol elli- 

psoidors, bioriratis. ciliis 16-26g longis, spom globosis 7-lOp; ongoniis 

in fractibus 20-48 x 20-40;s in cnltibus 
hyalims. rotnndis vol ovoideis. 
eCo r-t * “Sonn basem ot oogmiiophori partem drcnm- 

Ja^enfe^oospons sph«iois, in fractibus 18-28 x 18-26p in eultibns 
.jXI.) 3.,;« membraiia 2— 4g crassa, molle.a ant fnlva. lovi. 

Hab. in foliis, fractibus, ramis. cortice Betm hrcmlimm. 

Travanoore, Cochin, Malabar, Indi® orient. 

loatM '7 ’r cause of frait-rot and 

Mr Perh ZT"’ of >>oao» andcai-ao fruits 

LS ™r?MT“*f*'‘“‘ Manio Carden ! 

ioiademya, veiy kmdiy sent mo excellent specimens of cacao fruits rtiacbcd 

1 St: 

Ihe fco Z™ \r'“ ■ ““ “ -no detail. 

me at first to think tliat \Th'T '''o« led 

The limits nf Hg'o&i in Soutli .India waa P. Fithm ^ 

Irrmts of tho measurements of sporangia on fraite are fairly oloso. TOde h. 


. mS° 4’ wiP " ''■'‘f-fall of //«».• 

Abo iVoooofWa of the 
(iiftfcion of Southern India,” pp. 6() -.76, 


PO. ror. 


W. morAe 




wator-cu!(iiiTX5s tlioso of P. Meadii are smaller than those of P. Faheri, the iimitia 
of P. Faheri grown on Heveu fruits come fairlj close to those uf P. Meadii in 
water-cultiiro. 

P. Fabcri sporangia . . 34 — 70 x 16 36/t on cacao fruits. 

32 66 X 25 — ■ B2fi in water-culture, 

32 -— 44 X 20 -—32/4 on fruits. 

P. Afm,*:?: sporangia .. 33 — 67 x 14 — 28/4 on fruits. 

20 — 44 X 16 — 29/4 in water-culture. 

The sporangium of P. Faberi is usually slightly nearer the spherical shape 
than tliat of P. Meadn. The papilla of P. Faberi is, as a rule, more protuberant 
than that of P. Mmdi% and the base of the sporangium of the former has a cellulose 
plug much more freipiently than has the latter. The zoospores are very nearly 
alike. Those of P. Faheri measure from 8—12-8/4 on cacao fruits, while they 
»neaaure8-*-10/4 on inoculated iJe?;ca fruits, those of P. iff main measure 7—10*5/4. 
The number of zoospores is nearly alike, in 1\ Faheri being 10-24 and in 
P. MMdii 14—22 under similar conditions. Though in a few instances numbers 
up to 40 have been counted in P. Meadii this difference is rather discounted 
perhaps by the fact that a larger number of those of P. MmuIU have 
been counted and under more varied conditions. Besides Roreid records 
the number as 15 to 30. In my material and cultures of P. Faheri I 
found resting conidia only, and they w*ere produced in abundance on cacao 
fruits, inoculated B&im fruits and in culture. They were light yellow 
in colour with a smooth wall about 2/4 in thickness and varied from 
28 -46 X 26—43/4. Coleman, 2 however, found oogonia and oospoins, and 
ligs. 4—6 in Plate XVIII of his paper show the “ oogonial wall for the 
most part closely applied to that of the oospore.” He remarks, “ In some 
examples, from the mode of attachment of the oogonial stalk, it appears as if 
the oogonial wall had become directly the wall of the oospore by a process of 
thickening. This was in all probability not the ease, as the oospore almost 
always fills the oogonial cavity so completely that the oogonial wall can be 
made out only with difficulty.’" Coleman seems to have had genuine oogonia 
in some at least of his preparations. Roreri also figures an oogonium in 
Plate XVII, fig. 14 of his paper, and in it the oospore occupies the great part of 
the oogonium. In P. Meadii on the other hand, the wall of the oogonium is 
easily distinguishable from that of the oospore and when mature the oospore' 

" f • “ i’e4-Rot, Gauk«r, and Clmpon-Will; of Cacao caused by Phi/topMhora sp ” . 

Dept, oj Agric., Trinidad, IX, Xo. 65, pp. 79—120, 1910. 
fOolemaib ^ “Disoases of the Areea Palm.” Dept, of Agric., Mi/sore State, Mycohnkal 
hene'i, hull, 2, 1910, also Ann, Ahje,, VIU, pp. 091—620, 1910. \ 
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lioa loofio wifcbin tlxe oogonium, its diameter being from 0'5 to 0‘8 tijat ol l,i>o 
latter The nioasuremonts of the oogonia of the two fungi are fairly cJoHig 
hut the oosporeM of P, MeadAi am much smailer. Voti .Fiduu:* give.s iJie measure- 
meats of P. 22— 45/^, Romr as 33—40/i, aiul (Jolemau as 22‘-j -I iT/t, 

while those of P. Mmdii am for oogonia on fruits 22-~48/i, and for (K)s|K)r,'.s 
in -;i2/A. ]n P. Faheri no antheridia have been seen, uiilt^ss peihaps by Itomr,- 
who in Plato XVIRfig. 14, of his paper, figures an “ oospore showing oogimium 
wall and antheridial branch,” and if this be a true antheridiuni, tlicn it is of 
quite a different type to that of P* Meadii in which, basidos, an antfunhlium 
is invariably present. The main differences then between the two fungi are 
that the oospore of P. Paheri almost completely fills the oogoiiial wall, and 
that no antheridium is present, while in P. MeadiiihQ oospore lieshxiso within 
the oogonial wall, and a persistent antheridiiiin is invaiiably pr('.s<?nt.. The 
diller(moe.s aoi so distinct that the two cannot Ixi iHigardtd as of the same sp.uhi^s. 

Cross inoculations wei-e made with P. Meadii and P. Fabcri on the fniit,s 
of cacao and Ilemi, Pruits of both were washed in distilled water and rnblaitl 
well with soft cloths. They were again washed individually in sterile disfdled 
water and vyiped with sterile clotlrs. Each cacao fruit was plat'cd on a glass 
stand in a potato-dish, into which a little water was placed to form a moist 
chamber, wliile four Eeoea fruits at a time were placed similarly in pot.ato- 
dishes. The glass dishes and the water; wore sterilized before being used. All 
the fruits were well grown, but not quite mature; they were all c^ollactcd 
on the same afternoon from a small isolated Government gaiden, wh{?m neitlier 
P. Aleadii nor P, JAiberi has ever been found. They wem tmated in piecisoly 
the same manner, kept under the same conditions, and inoculated from the 
same culture of P. Meadd and of P. Faberi The bmising of some of tlm fruits 
was done by making a few criss-cross lines by means of a sterile knife-point 
on an area of about half a square centimetre. Eadi of the two cultiiie.s was 
immersed m distilled water, and when the discharge of zoospuies became active, 
a minute piece of the mycelium was placed in a large drop of water on (sacii 
of the respective fruits. Several times pieces of the mycelium taken weie 
placed on a slide instead of on the fruit, and examined to see that they contained 
bursting sporangia which they did. The table indicates how long ate the 
date of inoculation hyphse, sporangia and diseoloiatiou of the surface of 
tlio feiiits W6r6 obsorvQfi to b© prosftut* 

Kais J •• /' X*am.siten doa iiaumra. Arheii.-u a <l 

Liol An^t. jur Lmil-und Fcrntwirtschaft, VIi;. pp. ia‘{--210, ICKr 

R n ' tekeivaad GJiapoa-Wilt of Cacao caused by thuioMom s,. 

BiUL J)ept. i,j A(jn<}., Trmidfid, IX, Ho, 05, pp. 70—120, 1010. ^ ’ 
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Cm<is inoculation of jmits of H&oea. 
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l>, (lisistjltM'iifcioii on Hurfacu. H, hypluf on Htirface. H, Hporangia itrodiieed. 


Oil Ilcrea fruiis tlio disci ilomtion caused by P. Meadii rapidly Itefame dark 
dull green and then a dirty, greyish gieen, while that caused by P. F<then 
progressed inoro slowly to the same result. Wlien the i’ormei’ had assumed an 
ashy grey appearance, the latter had still iheiiMud.in'algreen, and it took about 
tw'o days longer to discolour them thoroughly. The mycelium of 1\ Fahri 
<»rc\v along the surface of the Ihvea fniits for a distance of ahout two centimetres, 
while that of P. Meadii did not. Hyphai of P. Meadii emerged on the 
discoloured HU rfat'O a day before those of P. Faheri, aud wereimnh mme copious 
afterwards. Kesting conidia of P. Faberi were always associated with spoiangia 
ill about eipml numbers. On the 6th day a small spot of mycelium of a Fumrimn 
api>eared on two Peim fruits in the check-dish, and on tlie next two days on 
each of other two fruits, while the bruised clieck-fruits remained unchanged 
till the 8th day, when a small spot of Fusanum, appeared on one. The surface 
liecame discoloured in a way somewhat similar to that when PhytophtJwm was 
present, but it progressed much more slowly. That the two PhjiopMioms 
caused the discoloration, the test showed clearly howe^'e]•. Both P. Meadii 
and P. Faberi infected all the Ilevea Iriiits. 

Unbruised cacao fruits did not become infected with P. Meadii after 
20 days. The inoculative material was tested by removing it from the fruits 
on the 14th, 17th and 20th days respectively, and lylacing it in distilled water 
and in culture media. In each case the fungus was alive, and readily produced 
sporangia aud discharged zoospores. The tissue of the fruit was not 


Cross incfculation of fruits of cacao. 
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pfinotrated. 1\ Fahen infected tuabruised cacao fruits in two or three days 
producing copious sporangia and resting conidia on the 5tb day and gradually 
blackening tl),o surface till by the 7th or 8th day the whole fruit was black. The 
bruised cacao fruit showed infection of P. on the 4th day, and of P. mieri 
the 2ud day. The hyphse produced from the 4th to the 20th day on the surface 
ol the former did not form sporangia in situ, yet several times during the interval 
they produced them in two days after being placed in water and in cultuie 
media. The two unbruised and the bruised control cacao fruits were still 
fresh and healthy on the 20th day. Immediately afterwards twelve more 
cacao fruits were put up as before and not bruised. Six were inoculated from 
a culture of P. Meadii by placing pieces of the French-bean-agar containing 
mycelium with actively discharging sporangia in a drop of water on a groove 
on the side of each fruit. One showed discoloration on the 4th day. Next 
day the discoloration was marked and hypha^ were present. On the 9th day 
the discoloration had passed all round the fruit but not quite to the ends, and 
iiyphio were present in little masses all o'ver. The hyphm were close to the 
suriacc, mudi branched and irregularly swollen. Till the 12th day no 
sporangia were produced in situ, though as before when the mycelium was 
placed in water, sporangia were produced. The other five fruits weie healthy 
after 20 days. The inoculative material when placed in water continued 
growing, and sporangia discharged, so that it was alive all the time it was 
on the fruits, and the surface of the fruits was always sufficiently moist to 
aUow of the growth of the fungus. Five of the control fruits were healthy 
after 20 days; the sixth became mouldy with Emotium and Aspergillus on 
the 12th day, owing doubtless to the fact that the water in the potato-dish 
dried up and allowed access to the ojien air during my temporary absence from 
the laboratory on other work. Thus under exactly similar conditions Hevea 
fraita were infected reacbly both by P. Faheri and P. Meadn, while cacao fruits 
were infected readily by the former and with difficulty by the latter. 

Cacao is not groum in the rubber districts of South India, and there are 
no jjlants on estates. There may be one or two plants grown in gardens m 
places like Trivandrum and Calient, and there are a few in a small Government 
gaiden at KaUar at the foot of the Nilgiris, but all these places are far away 
liom the estates. In the latter case the cacao plants are not attacked by 
F. Faheri, and the few acres of Pewa in the garden are not attacked by P. Meadii. 
Thus it seems impossible that Hevea could be infected from cacao in South 
India. No other trees or plants have been observed to have a similar fruit-rot 
01 leal-lalL rriie, I have comparatively few opportunities of observing trees 
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in tiie jungle; still, since I made the suggestion at a jJanlW moding in 191 {5, 
I have had no jioaitive case reported. That rather disc-ounts the iMfSHihilliy 
of tli.c fungus having passed to lleWM from trees in the cmiiitry. .Another 
possibility is that the disease was introduced along ^ith plants and seexi, 
(possibly fruits) that were imported in considemblo nuinbers from C.'eyloa, 
it is riuite possible that P. Mmdii occurs in Ceylon, for the only dotiuite report 
is that of Fetch in 1910 who successfully inoculated G Ihvea stems out of 13 
by means of spores of PhytopMhom obtained from diseased cacao fruits and 
of pieces of diseased cacao pods, and concluded from this experiment that tlie 
canker and fruit-disease of Hevm are caused by P, Faheri which is the 
cause of canker and pod-disease of cacao. No detailed description of the 
PhytopJithora on Heim fruits in Ceylon has been published, fcieoiug that both 
P. Meudil and P. FSeri infect Ilevea fruits readily, and tiiat cac^ao is grown 
as an (isfcato crop in Ceylon, it is quite likely that it is P. Fuberi that is 
attacking llexea there, though this does not preclude the possibility of 
P. Mmdii being present also. 

Dissemination of the fungus. 

Tlie fungus appears to start its activity after the dry season at <;umpaia- 
t ivcly few points, but when the monsoon has once burst, it spreads rapidly (ui 
fruits and then iio leaves. Sporangia are prodiice<l on. the surface of tlwj fruits 
in very large numbers indeed, and the zoospores in corre.sp(uul;ingiy greater 
numbers. Tlie rapid dissemination from the first few infected fruits ran be 
explained by rain-drops that fallen tiiese infected fruits splashing ihesj)ores 
c.onsiderable distances to other fruits, B’aulwetteri in an illnminalbtg ami 
suggestive paper sliowed by experiment tliat water is sjdashc.d liy a, falling 
drop only wliou it falls npou a film of water, and it is the watc.r of Ijie lilm 
which composes tlie splash-drops. A drop -02 c.c. in volinne failing IG fetit on 
to a Imrizontal glass slide covered with a film of water .spluslu>d drops t,o 
24 inches, on a pl’ato inclined at 45" to 28 inches and on a plate inclined, at 
80" to 4G inches. When the plate was at 7 feet above the siu‘fa.r<i (d' tJie 
counter, the distances were in the 1st and 3rd cases 42 and tJG iiudies 
respectively. He also found that in wind driven hy an elect ihi-fan {uni 
travelling at 10 miles an hour at the point of aplaah which was 3 feet abijve 
the floor, a drop falling IG feet splashed drops to an extreme distance of 18 .feet. 
The size of the drops is comparable to that of rain-drops, and wimls of 10 miles 
an hour and much more during the early part of the monsoon are often 
i i'auUvctter, Ki. O. “Wind-blown ttain, a facitiir iu Disease Joum- Aijruu 

jKes., X, pp. 030-0.18, 10X7. 



experienced on tire mbber estates. With the almost continiions rain tho 
opportunity of oontmuous distnbution by splashing is given, and even though 
roniioiit collisions between splash-drops and rain-drops will occur, thus 
prevoiitmg many of the former from reaching their extreme distance, stiU 
some of them will bo carried off, and be again splashed farther distances. This 
explanation would seem to be sufficient to account for the rapid spread of the 
fungus from fruit to fruit and to leaves on an estate, and the great numbers 
produced on infected fruits provide many opportunities of their being washed 
down on the tapping surface. 

Loss. 

merna has been attacked by this fungus in South India before planting 
has been well established, so that there is no very extensive series of figures 
showing the yield of latex for any length of time on the estates of healthy 
trees. Estates have been in bearing for only a few years, 8 or 10 at the nlost, 
and that on a comparatively small acreage which has gradually become affected 
by abnormal leaf-fall. It is thus difiicult to estimate the latex yields that 
might normally be expected. That so far they have not come up to the expec- 
tation current at the time of planting is fairly generally conceded, and part of 
the shortage is undoubtedly due to the effects on the trees of Phytophthora. 
The loss due to tiiie rotting of fruits is a ininor factor, as the utilization of fruits 
for purposes otlier tliari planting, for the present at any rate, liardly comes 
into tho estimate. From discussions with most of the planters who have had 
much to do with the disease, I have come to the conclusion that 30 to 40 lbs. 
of made nibber per acre per annum is about the average loss, and it may be as 
high as 70 or 80 on badly infected blocks of trees. This transposed into money 
value, with the rubber, say, at 2/9 per pound and the cost of production, say, 
at 9 pence a pound, gives a loss of from £3 to £4 per acre per annum which 
multiplied by the yielding infected area of about 30,000 acres represents a 
total loss to the industry of about £100,000 sterling and a possible future loss 
over the area of 60,000 acres of a very large sum of money indeed. The loss 
involved is so large that it is practicable to spend a large sum of money on 
remedial or preventive measures on every estate. 

Preventive measures. 

It is only recently that the life-history of the fungus has been worked 
out in comparative detail so that the discussion of combative measures 
against it is more a suggestion of lines of work than a statement of definite 
iiiea,ns of orovontioo Tn pnnnAnf.invv t 
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have partially died back, (2) that oospores, which are rostin,i|-spofes, aro found 
in the fruit, and (il) that the fruits are the main, pr(,>})a<jjatiuf^ coutrcH fotr multi 
plying the Cungiis. This suggests that the hranehea that have filed batilr, am! 
the fruits, should f )0 dealt with. In the one case the aim is 1;o si;op fimgus 
frotu hogimiiugita activity in the newsoasou, and in tlui oiher to stop ils rapid 
j)ropagation after it has once begun. If all branches that this fimgus has 
caused to die back were removed, say, a foot beyoud the junction of living and 
deatl tissues, many of the centres of infection that begin the new attack of tlui 
fungus each yeai*, would be destroyed. Now all branches that die back on 
HeMu, do not do so because of this fungus. There are other factors that pi’oduco 
die-bacii, c.y., shade causes the lower branches to di(^, and other fnngi, e.g,, 
Botrijodii)hdia UiexihnmimVdA,. midLOlmosporium alhamhnmi Vii.id\ , also do ho . 
There is no simple field method of distinguishing bctwi^en these vaihms cauH(5S, 
so that, if die-hack brandies are to bo removed, then all will hav<^ ti(» bo reniovial 
irrespective of the causative agent. Many of the brauclu*s that have died 
back are more twigs, while others are larger. There are many such on cadi 
tree “far more l)haa is realised till the necessity comes to remove thorn- am,! 
they are soattiued ovei* the tree indiscriminately. To lemove them i.o a very 
large extent is possible, but to do it thoroughly will certainly be costly. The 
cost, however, would bo greatest in the first year, and would rapidly decrease i n 
succeeding years, presuming that this method is found ellicadous and is 
continued. 

It has also been shown that the fungus may invade a branoli along the 
fruit-stalk, and that the fruit-stalks of rotted fruits may remain on the tioe 
through the dry weather till the beginning of the monsoon. This is a real 
difiiculty in the way of preventive measures, for it is impossible to remove 
every possible centre of infection of this kind. Even if all these old frait-stalks 
were removed when the trees are bare in December-Jamiary, there is the fa(it 
that the mycelium of the fungus invades the branches from which the fruit- 
stalks spring at their point of insertion. Kemoving die-back brandicH 
would not destroy this source of re-infection entirely. 

Bemoval of the fruits before the break of the monsoon, or at tlie latest 
during the first fortnight of the monsoon, though this is cutting it rather fine 
for safety, would stop the rapid propagation of the fungus that begins about 
16 days after the monsoon has set in. This would also for future infection 
get over the difiiculty mentioned in the last paragraph with regard to infection 
by fruit-stalks. If the fruits are not there to become infected, the fruit-stalks 
would not carry the myce i of the fungus into the branches. To remove 
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fruits from a rubber tree is not an easy matter, as they are scattered over yoiiug 
twigs towards the ends of the branches. So far as my obseiwations go, the 
fruits scorn to bo more plentiful on the intermediate rather than on the higher 
branches ; but of course I have not seen old rubber (ie,, more than 15 years 
old), and do not know whether this holds good generally. At any rate it is 
substantially true for rubber in South India at the present time. Removal 
of the fruits is not an impossible task, though to do it thoroughly will be 
expensive. 

There is another possibility, i.c., the destruction of the flowers in order 
to prevent the formation of fruit. This might be done by mechanically 
removing the flowers, or by spraying them with a chemical that would kill 
them. The stalk of the inflorescence is easily out until it begins to become 
strengthened in order to boar the weight of the developing fruit. The inflor- 
escences, however, borne as tlioy are on the numerous twigs on the outer 
ends of tlie branches, are not easily reached oven with a knife on the end of a 
long polo such, as a shepherd uses to got down leaves of trees for his flocks. 
The manipiihition of such a weapon at best is clumsy, and it has been found 
tliat, unless the knife has a keener edge than a coolie can be expected to keep, 
the stalks bend before it instead of being cut by it. Again, most of the inflor- 
OHConcos spring from the axils of loaves that are still on the twig, and they 
cannot be removed without removing the leaves as well, thus causing a con- 
siderable amount of defoliation ; but this wo particularly wish to avoid seeing 
that the now aeason’'s tapping is about to begin. Besides every inflorescence 
does not produce fruit, so that removing all of them entails a great deal of 
unnecessary labour. In several estates in April and May twigs were examined 
on the inflorescences of which all the flowers had faded, and the presence or 
absence of young fruits was noted. They were taken from the lower and 
middle branches of the trees, as these were more easily accessible. On 63 twigs 
there were 651 inflorescences, of which 230 had one or more fruits, i.e., only 
35 per cent, of the inflorescences boro fruit. On a considerable Yiumber of 
the twigs there were inflorescence-scars showing that some inflorescences had 
fallen off, but they were not taken into account as they do not affect our pur- 
pose. Thus the difficulty of cutting the inflorescence because its stalk bends 
so readily before the knife, the unavoidable removal of leaves i.n doing it, and 
the low percentage of inflorescences that bear fruit, render the removal of 
flowers by mechanical means impracticable. 

inflorescence with a chemical, such as a solution of copper 
sulphate that would kill them, is not under present conditions practicable. 
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TIxe b'&an are 20 to 40 feet Wgh, so timt power sprayers mmhl hive (.n he iisod 
aViclmorcIerto.-etafceacliflowersomu^^^^^^ of tlie soluUon would In, u.s.ul l.hu. 
It would practically araomit to sprayln^r free. 'B(,.si<lcs if, would f>e exnuh 
mfrly dmmlf, tospray the upper parts of tro(^ frn,u f,|ie .n'ound ,,u l,fw side 
l)ranclies of trees on most well giwn estates toiicli and, souic,(,IuH« overrcnch 
onoWher. Tho mmo applim i„ an i„ore„s«,l dn.n-o,, toHpn.vinc; flu, rn.ila 

asthestandoffoI,asoif,grnatet<Iurinffthefn,ia„ss„aK„„. Rp^vInK tl,n fruils 

of the arooa-palm, Arm mlechu, with Bordoany Mixture as a prewntivn 

asamst the attach of (Oo'em.) PethvI,.,hasboon a foarh-d 

uccesa. There, howevec, tho fruits are a»od i„ fro,,. 1 to . lureH!" .u! 
the ainstie stem just under the crown of leaves, and are eomparat.ivoh- casilv 
aooewhio for spravinv. Bordeaux Mixtfiro would ,,rotect I, he fruits of //r,n, 

IZhl ^«t their scattered oesifim, „„ tree 

procludas .fa use at preseut for rea,sons of economy, wi.ile ti.ere Is the addifi,.,,.',! 
toMon against ite use m tl.at even traces of a salt of eop,,,,,. n 

nibher to dotonorato. and it is almost certain that traces of copper w.udd be 
waslied by ram into latex from sprayed trees. The action of am- rll 
protective fungicide on mhber would have to I,e investigated heroin it ,,',uM 

aimmt .7 ot getting enough water to aprav in the dr^' , n t 

and the cost of treating the higher portions of an estate would i: 11:: 

oonsidcrod. The Oovernmont Economic Botanist l.au discus, sed ZfZhZ 

irection of increasing tho flowering capacity of plants end « r 

as we hnow, there are no cultural methods of provontinv a tree from fl '• 

or reducing the number of flowers it nroduees the I. 

conditions. ?i-o<tuces that are applieai.lc in estate 

It seems to me that the only feasible methoda n: . s, , ,■ 
of 'ZiderabS *00 1™ hiTo 1“™ 

June. This will be repeated in 1918, and wffl .L data ! 

ATFpAAf.i%Tnva«r,g, aat<i Es to tJu5 oofjl; aiul f lt<» 

of the measures undertaken in stopping or reducing Ihc"; 
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sliill I’ftttiamn to Ije discussed wliat measures meantime may be taken 
to cboc.k' aiid pfe.votit bark-rot. In untreated cases, wliere tbe rot has simlc 
as as j;o tlie <’atnbiiim, tlie piece slionid be cleanly excised andtlie wound 
ciirofully jiaiuf.od with tar and tallow. The excised portions must be burnt, 
and knives storilixed by dipping in an antiseptic solution, 1 per cent, 
formalin. Itn certain areas of the district, practically those in which rainfall 
is not excessive, and whore bark-rot is not a pressing menace, it has been found 
sufFic/iont to iyap less deeply when bark-rot begins to appear, and if that is not 
enough, to stop tapping for a few weeks. . This is usually quite sufficient and 
no further trouble occurs. The underlying cortex cuts off the infected piece of 
bark which ultimately scales off. In other parts of the district this is not 
enougli, and recourse is had to smearing the tapped surface with a mixture of 
tar and tallow. This is done as a preventive on blocks where experience has 
slu)wn that bark-rot occurs, and its use has proved successful Enough tallow 
is molted with tar, so that when cold, the mixture is a paste and not a liquid, 
it cati be carried round in any suitable vessel by the coolie, who puts a thin 
Kriic.ar on [he retiewing bark just above the tapped surface with his thumb or 
with a [>iece of gmiuy, and the consistency of the paste makes it easy to handle, 
and [>roveiits it ninning down over the t'apping cut. A veiy little tar in 
cuH.\tral media inhibits the growth of the fungus. Com^entrations of 0*5 per 
coiiti. or more of tar in a Quakor-oats-agar medium on which the fungus grows 
well oomplef.ely prevent growth, while lower concentrations as far as 0*1 per 
(jent. do not prevent growth in every case. 


Q«ak6V-oats-op;ar 

! fi tubes 

Good jxrowth. In It days the sloped 
surface of the jtiedium was covered 
by tbe mycelium. 

Ditto 

r>% tar 

1% „ 

i 0 .. 

No crowtb. 

Ditto 

fi „ 

*♦ 


0*5^0 „ 

1 0 „ 

No crowth in 6 tubes 5 slight growth 
in 1 tube. 

Ditto 

o-2r)% „ 

^ ' 0 ■ 

Ditto 

0*1% 

6 „ 

i 

No growth in 4 tube.s ; slight growth 
in 2 tubes. 


This particular experiment was carried on for a month, and the fungus 
made a copious mycelial growth in the Quaker-oats-agar medium to which no 
tar had been added, and in no case where the fungus grew in low concentrations 
of tar in the same medium was the growth anything like as good. I think 
it is both the water-proofing and the fungicidal qualities of the mixture 
that come into play in preventing the fungus from infecting the tree. 
With izal, one of the coal-tar products, a similar series of experiments 
was carried out, ’ ; ; , 
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(rt) .Different concentrations of izal in fnhi'H wefv 

made up and autoclaved. 

(h) Different concentrations of izal made with sfn.rile. \v;U(u> u <n‘o a.dd<>.(! 
to liquid Frcnchdman-agar tuhes tliat had Ixum suitorhtviui in 
order to make definite concentmtionK of i;^a] in (lie humch 
bean-agar. 



French-bean-agar 11 tubes. Good growth in 6 tubes. Good growth in all 


Pi% izal in French‘hean*agar 

1 % » .. » M 


all tubes. 
No growth, 
ditto 
ditto 
ditto 


tubes 

No growth 


wth in 2 tubes, 
wth in S tubos. 


Different concentrations of ixal in water were niadm and in no ease of 
01 per cent, or above did the mycelium grow or sporangia disc, barge, fi^al in 
thus a powerful fungicide so far as this fungus is conem-ned, and can be used 
in diluiie solutions. As, however, it is to be applied in the monsoon, a consitler- 
ably more concentrated solntion is required, and b per ceni . is the. nstial sf rengib 
used on estates. The ordinary conical kitchen lamp makes a good rece,pla<*.le, 
and the slightly projecting wick drawn along the ta]»ping cut leaves a thin 
film of the izal solution. Other investigators have tried, izal and other similar 
substances, and recommended as preventives 30 per cent, izal 20 per cent, 
carbolineumf 20 per cent, brunolinum or 50 p'er cent. Jodelite to bo applied 
as frequently as tapping is done. I have also found that the distillat.e from 
coconut-shells charred in a closed chamber (earthenware pot) even in solutions 
of 01 per cent, prevents the growth of the fungus in culture ; but its efFoct in the 
field has not been tested yet. This is of some interest at the present time, 
when the other substances are expensive and not easy to get. 

I have Seen folded strips of gunny tied round the trunks of trciis in a 
slanting direction with good results. The rain-water streaming down (he 
trunk was guided along the gunny, and caused to run down the side of tlie tr ee 
away from the cut. The bark below the gunny in the region of th<*. lapping 
surface remained comparatively dry as long as the gunny remained fighl. 
Tliia was being tried from the point of view of preventing flooding of the cups 
during heavy rain, and it is a sound idea and W’dlivoitli diw eloping from tlie 
point of view of bark-rot. Something cheap and just , good enough to hwt 
for the rainy months, and then not worth the trouble of keeping till (he next, 
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\v<MiI(l jH’ohahly bo t;li 0 most; suitable form. It must not bo so tigiit 
r.iund tlio tre.ft that tmuslocathm tliroiigb the bark is retarded, and it must 
{>(‘ t,igh(; onouuli above, t,lie tapping cut to prevent water percolating b(itween 
it ami lint bark (»n f,o the tapped surface. The latter is the more difficult 
comlJia'oii 1.0 sal.i.siy, i>ut if the bark is smoothed and very slightly grooved, it 
lew been found po.ssible to tio the “ collar ” on tight enough and seal the 
in (.orviming space with tar. The difficulties are obvious, and make-shifts will 
have to be made to get over them till more normal mes, when timanufacturers 
(!au turn tlieir minds to the production of some suitable device. 

ttonei'al measiii’os with regard to estate veutilatfion will also indirectly 
help to reduc(^ f.he amount of damage caused by this and other bark-diseases, 
and this, of eoui’Sfg is the immediate and. main concern of preventive work. 
Most estat(‘s In Hoiith fndia were closely planted, and the trees are now being 
t.hiniiod out. 1.0 luitween HO t.o !00 per acre, fjower brauches, espeoi ally those 
t.liaf' hang downwards, should also bo cut off, and this will give a larger, freer 
air spa(‘e, and a-llow more iigid; to got around the stems, and so ensure that the 
fiark grows and renews in more healthy oonditions. Sooner or later, however j 
the crowns of (.lie trees will develop till they come close together, and form a 
more or less continuous canopy of leaves, so that, after thinning, preventive 
mmiHures applied f'O tlu^ bark are still as necessary. That gangs of specially 
ti-ained coolie.s are necessary on estates for enieiently carrying out measures 
against disoaso.s is generally recognised, and in South India wo have gone a step 
further by providing at fhe Agricultural College, Coimbatore, for writers who 
a!‘e to H\iporvise those post gangs,” a simple course in plant-diseases with 
special reference iodi.soasr^s of llevea^ and one day I hope to attract young 
planters to the Colhigc. for sliort courses on diseases of planters’ crops. 

Oeeiirrence of fruit-rot, leaf-fail and bark-rot in 
other countries. 

In 1908 Petch^ described a fruit disease of Hema^ and in 19102 gave a fur- 
ther description and stated that it was determined to be due to Phjiophthora 
in 1905, in which year it occurred on an epidemic scale. He also records the 
fact that after the fruits have rotted, the green branches may also die back, 
and suggests that PhytO'pJitJkora is the cause. He describes the claret-coloured 
(anker, and gives the result of inoculations with P. Faberiivom cacao pods on to 

Fetch, T. “ Dio Filxo von llevea brnsUieiinw.'’ ZeitscJir. fur Pfhnzentr., XVI IT, pp, CO — Ul, 
1908. 

„ “ Cacao and Ilevca Canter.” drc. and Agrk. Journ. of the li. B. 0., Cei/hn, 

V, pp. 143—180, 1910. -i 
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sioniB. Tlinx^ out of tlie ton iiioeukfcioiis wi1.li BjioroB .suH])«oHlrt! in waior 
prodiinotl naiilvc.r, and throe inocnlatioiiM with pioroB of di.scaMud cacan pod.'.; 
aiKo ]H'odiu;(ul itaiikor. Ho afanrdinj^ly (a tliai.. l.ho ciiiikor and pod 

(liBoaHO of Hvtrn sue both caused by Fh'jjUyphilwru . and ihat Iho Hp<‘oies in Mlo 
Biinio as that wliich cansos pod-disonHo and canter in cacinn ni.. }\ Fahr/'f 
Maid). Ho also dcscribod a bark-rot that occurred dui'in.n tlic prolonged laiius 
of lOOO-lOlO, and tlioni^ht that it did not appear to be due to canker, 'i’liu.s 
in 1910 in (kiylon fruit-rot, a die-back of the fruitino }»ra,n<’!u‘S. claret coloured 
canker, and bark-rot wore reported on Beim, and the <‘ausc of tlie lirsf threij 
was attributed to P, Faher% while the last was tlionjL;h1. io he. due 1o physiolo- 
gical caiiHCB correlated with excessive rainfall, lu Ids book he ipvi'S llic 
various symptoms in detail. In 1912-1'i Peteld says that it has bee, n found 
that the leaf-fall which often follows the fruit di.sea.se, and i.s eliiniK't^M'i.sed by 
tlie appearance of a dark brown ring on the Icaf-sfalk, i.s cau.scd j)\ the canker 
fungus (Ik Faberi), and in .1914 hc^ states lhat canker wsis linst recoi'ded 
in Ceylon in 1903, so that the causative fungus Ik Ftihcri has found to 
attack every part of the tree except tlie leave.s, though it allaekstUr leaf .stalk.s, 
and causes defoliation. In 19115 ho.‘* associal.e.s the fruit ilisense, and llie 
consequent leaf-fall as caused by the same fungu.s. He also .states iluit it has 
been, shown that the fungus produces resting-spores in the, iliseased pods, ami 
remains dormant in branches partly killed back. In variou.s subseipietd. 
references he reiterates the above statements. Idnis in Ceylon tho disease 
attacks fruits, leaf-stalks, green-branch6.s and fruiting- st.niks (can, sing a partial 
die-back), bark and renewing bark, and causes a general leaf-fall in the imrnsoon, 
and all the symptoms are attributed to tho action of Ik Fahm, In Hoiith 
India I have never seen claret-coloured canker, but the other syinpt()m.s are 
exactly as they are found here, though the causative fungus is a iHlfcientspecies 
of Fhyto'plitliom ; and taking into account the discussion on a previuu.s page, it, 
seems possible that the causative fungi in Ceylon and Soutli India are tlill'ereut. 
Still as Dastur suggests from a consideration of the iitejuiiire.. it nuiy be. l.hat 
P. Pahm in Ceylon causes claret-coloured canker only, ami that iiie specie, s 
causing the other symptoms has not yet been definitel}’ deteiiuinetl, tsspcciull) 
if in 1916 Fetch means that lesting-spores have been found in diseased fruiUs 
in Ceylon, and the resting-spores are oospores. As the resting conidiii oi 
F. Faberi were so readily produced by the fungus on inociikted Bewt fruit.s 
as wen as on cacao pods, and as there is nothing to show tliat they are ougouiu 

•iptitoh.T. ‘‘AdmluistmtionRwportoftheJJept. i),f (..7, lUl'J IS; {>. !*>, JUjf,. 

k ,, “ tatoraatioaal Hitbbcir Congress itictToutooiTistidUg, Batavia,” ]>p. IS M, iul-} 

^ „ ‘‘ t)i.seasei3 of tea ‘t Trop. .dj/ric,, XLVU, pi>. 27<^ 2Sl, lUlU. 
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it, wouM Maoni tlmfc aomefehing other than ronting conidia 
wart tna.aiii- In I6I<S I’otcld dOiwribcB a bark disease new to O-yloii, the 
(‘juirtfi <>!' whi.-Ii iia.s not, I)oeit (leterminod. It is rjuite from oarikcr 

and bark rnk I Ha (ioHeriptmni fits oxaetly vvith a disease of stems T saw in 
one of i,tie rtibbe.r growing districts of South India in 1917. I was unable 
t<? tiiid tliii e.iitisci. In only two ca, sea did I get a fungus within Idie 
disejuKid f>ark, and it was CVrifcwm ; but I do not suggest that 
it was the cause, aud oonsitbiring the circumstances on the estate I believe it 
wa,s not. My ina[>ility to find a fungus within the bark was also Fetch’s 
cKperimice. It is V(n*y likely the same as the brown-bast recorded from Malay 
as fkd.ch thinks possibhi. Peters^ in 1912 described a fruit-rot of Hevea 
in the. (kinitwoons that vvas destroying about two-tliirds of the fruits, asso- 
cialang it with the extraordinary rainfall of that year, and the description 
fits fliat (»f the fruit rot of Mcmtli India. His paper is confined to fruit-rot, and 
no itnmi.fon is made of any other symptoms on the tree. A PhjtophtJiora was 
fonnd and brougiit into cidture, but no inoculation experiments are recorded. 
1 Itt (iompai'cd his cultures with cultures of P. Ptf?im,and decided that the identity 
of tlie two fungi was not really settled, looters did not see anoogonial membrane, 
and saw authei’idia in only two cuses. The sporangia come within the limits of 
those of l\ Mcadii, but the oospoi’e.s are coiwiderably larger. The measurements 
of only a few spores, Id -flO in each case, do not give enough data to enable one 
to say with c,ertaiuty whether it is the ,samo as P. Meadii, andDastur makes 
the same remark with regard to the identity of this and his Burma PhytopMhom^ 
and h(3 considers as rcsting-spores what Peters calls oospores. Eutgerss 
states that flm>a c.ankei* occurs in Java, Sumatra and Borneo, and describe.s 
the aymptoiiiH in four forms, one of which corresponds to bark-rot ; the second 
to claret-coloured canker ; the third is described thus : In a great number of 
cases the red canker spots are of small sise, but near them in the inner bark, close 
to the cambium or sometimes in the place of the cambium, is a colouration 
which is less striking but more widely spread. The colouration shows itself 
in a section chiefly as yellow, brown, or grey stripes and flecks sometimes also 
as a brown stripe on the place of the cambium. A typical characteristic of 
the third form of canker is the complete drying up of the section in the region 

^ L\U(:h, T. “ i/c/v.rt Jijvrk 7Vo/i. L., pp. 14— 17, 1018. 

2 Potf-TS, “ Ulii'i- L'ino Fniflitlitulo V(,ti llev&ibradliensis hi JisHUcrmi” Ber. uberd. Tatiijkeil 
d. K(ih\ Bi'id. Afhd. hnJahm lOll {J//7. A'. />’. And, jur Layii uml Furnt-wirUdiap^ No. 12, 1912). 

“ llutgor.'^, A. A. L. “ IiUor-lltibluii' Cougivss met Tentoonstellig, Batavia,” pp. 4—9, 1914 ; 
also Rutgf'r.s, A. A. L. and Uaiuinorman, K. W. ‘‘ Ziokteuon Be.schadigiugenvan Ji(3!;fia6m.s»7/£!3isis 
op .Java.” M(idiidcdiii(/cii van ket Laboraionimi voor Ffliinietizicklen, No. 10, pp. 27 — 31, 
1914. 
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of tike- diHcoIoiatioii {Trmidatkm). Tlie foiirtJi Ik tius I’orinniion ot hurm 
when tlic third, form ia not dealt with. He atatea t-hat tlie l>l’u*.k-.slri|H', !iii,s 
only bee}\ found in estates strongly attacked l»y caiike,r, a,ud uls<i nil Htagtw 
botwoon it aaul. i-iie typical wd spots have been foninl 'IMlc (uiuse of {dl t-Iu'-so 
appeaniuccs lie attributes to F. Faberi, which also causes the caiikc-r of <'acao 
and the fruit-rot of cacao and //em« ; l)ut the hyplue of Fhjilophlhvra hilV(^ not. 
been found in the tin, rd form, though it is always associated with the second. 
It is not clear whether all the infective material he used for inoculating llevea 
was derived from P. Paten from cacao, or partly from cacao and partly froiu 
Heim. His latest paper I have not seen. Hastiir Mn 19 IG reported from 
Burma the presence of fruit-rot and black-thread, which is very likti tlie bark- 
rot of t^outli India, and said l>y Bryce to be the same as the one oec-urring in 
(.'eylon, and suggested the possibility of tli«i Fhiflophllumi iu'. found to be t he 
caus<f being the same as that iu Bouili India. 'I’he (li,lTerc,]ices, huw<>.vei', 
between the two fungi are soinewiiat striking, llis mcasuroinonts td sporangia 

on fruits and stems, nz., 2t)*7“ SQ‘7/x. x 15 •U—-2r)-5/4 sometimes reaching 

in length and 29 •(,»//- in bnuulfch, the average being 28‘G x20‘I/x, come fairly 
near those of P. Memlii in water-cultures, viz., 20 — Ilg x IG -- 29/i, the average 
being 32 x 23/*, but they are considerably smallei* than those on fruits, viz., 
32 — 67 /X X M — 2Bg, t-h.e average being 48 X 21 /x. The zoospores iu a sporangium 
number 3 to JO, while iu P, Jlfeadw they number II to 23 and very occa- 
sionally up to 30 and 40. Then reiting conidia arc present in tlie Burma 
FhjtopUJmra, but they have not been seen in P. Mmdii Antheridia, oogoniii 
and oospores ai'e absejit from the Burma Phylopkt’hora, while they are present 
in P. Afeadw both in culture and on fruits. We exchanged cultures of the 
two fungi and grew parallel cultures ; but the Burma Phufoplilhora did not 
produce oospores in my laboratory, while the South Indian one did in Biisa. 
Different climatic conditions might wt61 account for these differences, but till 
oospores are found in the Burma Phylophthwa, we cannot be quite certain 
of their identity, Pratt ^ reported “black thread” or stripe canker or 
cambium rot from Sumatra, and gave details of remedial measures. Belgrave 
and Norris^ reported it from Malay in the same year, and attributed it to a 
species of Phytophtlma isolated from the diseased wood, and got 100 per cent. 

^ DasUii', 1<', “ PliijUiphlliont sp. on iJai'm Imiailhimit,''' Mem. IlepL .{ijn'c., Imtia. 
Pot. tSerks, VIH, pp. 217 llHa. ‘ 

^Prait. M. (!. “ Prnvi-nt-tvi- ni<.‘aiuivs cigaiiiMti Black TImad.” '/'mp. Af/za;., XlA'lll. 

pp. :m- m, ini?. 

'* H(-|f.i'[ivc, VV. N. ( '. itrulNijj'iiis, .F. dt; la M, “ Notes uii Bark Cankers and tlieir 'rr-al- 
nieut.'’ .'IpriV. F. J/. ,s7z/,a*.s, V'l. pp. 2---7, 1917. 
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.4u<',cG.SHful i iiocidaliouH. They state that the penetration of the wood is iisiia] , 
diuip, and ra|)!d, and })nth vertical and horiKontal spread of the fungus is much 
more rnpld in the w<j(ul than in the hark. They have not seen a fruit-rot and 
jn’esuiu;d)ly nnl; a Uuaf -fall as they do not mention it. They also report the 
prestnuHi oi elarot-coloured canker, but the description differs considerably 
Croni that of (Jcyloii, and from a note on water-logged bark there seems to be 
s )me confusion in Malay both in the names and in the descriptions of diseases 
of the bark. Biohards - reported a bark disease, which has the same 
symptoms as bark-rot, from it isolated a species of Phytoj)Mhora, and states that 
frf)m evidence collected it appears that the fungus is not P. Faheri, but another 
species of the same genus, and is the same as that described by Bastur. He 
also records the presence of canker. In Malay it seems that bark-rot and 
perliaps claret-coloured cajiker are present, but not fruit-rot nor any of the 
other symptoms noted in South India. There is also another disease, brown- 
bast, whiesh a])pears i/o bo similar to that described by Petch from Ceylon 
aiul seen by me in oiui part of Bouth India. In Richards’ paper is an extract 
from Alioi‘’s “ iliibbcr Industry in Brasil and the Orient ”, in which is mentioned 
the fact that a (ianibiuin-rot occurs in Brasil. No description, however, is given, 
80 it is not kuovvii whctlier it has any relationship to the bark-rot of the Bast. 
In the 7' f apical Agriculturist for lOM, Vol XLIt, p. 2f)8,Biere is a reference to 
an alniormal hntf-faU in Hurinam : tlie fact is simply stated tliat /feiw drops 
itis leaves twice a year there. Wester ^ writing on rubber culture in the 
Fliilippines mentions stem-canker, bark-rot, abnormal leaf-fall and diseased 
pods of lieveu among the more serious diseases that have appeared in other 
rubber-growing countiies in the Far East, so they have not been recorded from 
those islands. Tliere is in the Ifteratiire some indeliniteness, and very little 
description of the fungus in the various aspects of the disease caused by 
Phjtophilmra, and it would appear that more than one species oi PhytopMJbom 
is responsible for them. 

Since this paper was written it was brought to my notice that a culture of 
P. Meadii sent to Piisa produced resting conidia there soon after its arrival, 
and has continued to do so in subsequent sub-cultures. They have appeared 
in French -bean-agar andoat-jiiice-agar, though never so copiously as in cultures 
of the Burma Phylophthora on Ucvea. Bastur kindly sent me sub-cultures in 

^ Iliclianls, li, M. " P>rown Bast and Blauk Thread.” AUt’ai/ Penin, Ai/rk. Vir., 

No. 1, ])[). 4 - 0 , li)17. 

^ '■ JJisi;a.so« of the Leaves and Stem of Ilaimt brusUienniis ia the Malay 

Peninsula.” Aaric. Bull., F. M. B., V, pp. 312 — Slfi, 1917. 

^ Wt'sfer, P. ” Rubber flulturo in the Piiilippine.s.” Phil. A(/rk. ltoi'kw> X, p. 210, 1917. 
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Fi-e-ncli-lxiaii-agar, in whieli are numerous resting conidia. I have seaicficd 
ray cultures of various dates but have found no resting conidia in them, and 
during the three years the fungus has been under observation in culture in 
noiinbatorc, it has not produced resting conidia, and they have not been found 
in nature in South India. It may be that climatio differences account for 
ihe difference of behaviour of the fungus in Coimbatore and Piisa, for in the 
foiTiier place the annual range of temperature is from about 60° to lOrF., 
while in the latter it is from about 32° to 112°P. 

While studying Pythium palmivomm Butl., the fungus that causes bud-rot 
of palmyra palms, Bofcmus flahelliformis, in the Godavari and IGstna districts, 
Butler^ foimd that resting conidia could not always be found, but that some- 
times they could be and then were present in very large numbers. They were 
either absent or rare at certain seasons and in some years. The same expe- 
rience has been found with this fungus on coco-palms, Gocos nucifera, in South 
India. Resting conidia are seldom seen, but early this year they were foiipd 
m very large numbers indeed on large discoloured areas on young expanding 
leaves. It appears that a similar experience is presented by P. Meaclii in 
culture in South India and Pusa. 


The fact that P. Meadii can produce resting conidia rather confirms the 
identity of the Phytofhthoms from Burma and from South India. I have 
made measurements of the resting conidia from the culture of the Burma 
PlWtophthom and from that of the South Indian Phyf.oph(7iom returned to 
me by Dastur, and the measurements come very close together. My measure- 
ments of the former, however, are larger than those given by Dastur in bis 
paper. The measurements of 100 resting conidia of the Burma PhjtopMiom 

in French-bean-agar measured in Coimbatore were 18 — 47 x 18 46/a, the 

average bemg 34-3 x 33'8/a while those in DastuFs paper are 17—34/a The 
measurements of 100 resting conidia of P. MeadU from a sub-culture in French- 
boan-agar returned from Pusa were 16— 47 X 16—47/a, the average being 
34’8 — 34/a, 

These resting conidia also come fairly close to those of P. Faheri in size 
Korei gives the variation as 30-50,.. My measirrements were on cacao fruits 
or*, ’’“S 35-3 x 35,., on French-boan-agar 

r “d™ “‘““'‘‘tod Be,m fruits 

ziu— £59X18— 39/a, the average being 34-5 X 34/a. 


^ Butkir, K. .j. Tiu, Bud-rot of Palmyra Palm.s.” 
Ill, pp. 255 -Uu?. PJIO. 
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The presence of resting conidia on F. Meadii required that the relationship 
of this fungus to other members of the genus should be reconsidered . I do 
not thiiiL however, that this fact enables it to be placed under any of 
these species. 





Elacpianation of Plat© I. 


PhiflophUwa Mriiih'i n. ay, on Mcveci bfo^siliensis, . 

1. Seetiou of outside of fruit, x 300. 

2. T. 8. of petiole, x 500, 

3. Cell fi'oni nieaocarp of fruit x 500. 

•i. Seetiou through the eudocarp of the fruit, x 

5, „ „ „ soed'Coat, x 240it 

6, Cell froiu pith, x 460. ' 

7. ,, „ mesocarp of fruit, x >460* 4 

8. „ pith, X 500. 













ffixpiaimtion of Plate II. 

Phjitofihtlma Meadii n. sp. on Hevea hrasiliensis. 

Figti. 1--IB, 

Sporangia, x 500. 

Fig. 1 <j. 

Zoospores, x 500. 

17. 

Papiilie of sporangia, x 500. 

„ 18. 

Hyphm with irregularly thickened transverse 


walls, X 1,000. 

» 19. 

Mycelium, x 240. 

„ 20. 

Oerminating zoospores, x 500. 

„ 21. 

Sporangia with long conidiophoros, x 250i 

Figs. .. 22-—25. 

Oevuiuping bporangia, X 66. 
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Explanation of Plate 111, 


Phytophtkora Meadii n. sp. on Hevea bTasiliensis. ^ 


Figa. 

1— 6, 

Antheridia, oogonia and oospores, + 

o 

-O. 

o 

Fig. 

7. 

Oogonia with oogonial wall folded, + 

660. 


8 

I ( + 

750. 

n 

9. 

> Young oogonia and antheridia / x 

500. 

1, 

10. 

) . ( X 

750. 

Figs. 


Oogonia antheridia, x 600. 







